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What Research Has Accomplished in Modern 
Poultry Production 


HE MODERN POULTRY industry, more than 
any other livestock industry, is a product 
of the technologic development of the 20th 
century. In this, research, both institu- 
tional and private, has made a major con- 
tribution to the diversified store of knowl- 
edge which is collectively known as poultry 
science. 

In trying to discuss the influence of 
research upon poultry production—from 
the philosophic rather than the promotional 
point of view—one might single out four 
major branches of poultry science, namely: 
management, genetics, nutrition and path- 
ology. General contributions of poultry 
science to human welfare would give us 
another important point of discussion. For 
the purposes herein, it is not the intention 
to present a comprehensive review, but 
merely to cite thought-provoking examples. 


MANAGEMENT 
Sound management is the sum-total of 
the valuable and proved experiences of all 
specialized poultry fields. House construc- 
tion, ventilation and range management 
re some of the items that have contributed 
making mass production of poultry 
ssible. Yet, the science of modern artifi- 
al incubation, fathered by W. P. Hall, 
. B. Smith and many others, is probably 
ie one single item that has laid the foun- 
ition for the unprecedented growth of the 
idustry. It is a long step from the broody 
nn to the mammoth incubator that is 
ipable of turning out 30,000 chicks. Insu- 
tion, humidity and temperature control 
e so perfect today that such incubators 
e readily convertible into cold-storage 
ckers, during the off-season, if so desired. 


ENETICS 


The practical rules of genetics were util- 
ed long before the Mendelian laws became 


established. According to Lippincott, the 
Chinese Emperor Fu-Hsi, who lived from 
3341 to 3227 B. C., instructed his people in 
the art of breeding fowls. The perform- 
ance of these early domesticated birds, 
perhaps first cousins to the jungle fowl 
(Gallus bankiva), is tremendously different 
from that of a recently demised world- 
record hen which had been trapnested in 
the Vineland hen contest during the past 
eight years and produced 1,464 eggs, or 
almost 40 times her body weight, according 
to C. S. Platt. Only generations of intelli- 
gent breeding make such performances 
possible; the tools of this selection are 
furnished by critical research. In improv- 
ing the egg yield of the flock, G. M. Gowell 
of the Maine station showed the importance 
of “progeny testing,” a maxim which holds 
for all livestock breeding. At the same 
station, Raymond Pearl subjected the 
fecundity of the fowl to the first systematic 
analysis and thus furnished the basis for 
all later studies on the multiple factors 
governing egg production, especially the 
studies by H. D. Goodale and F. A. Hays. 
The development of sex-linked crossbreeds 
for the purpose of distinguishing the sex 
of newly hatched chicks by C. L. Dunn of 
the Storrs station has found widespread 
adaptation in commercial hatchery work 
and in the gigantic broiler industry. 


NUTRITION 


In the field of nutrition, poultry science 
is particularly proud of the fact that 
chickens were the subjects of the first criti- 
cal anti-beriberi vitamin studies by Ejijk- 
man. Since then, a host of new vitamins 
necessary for the chicken have been discov- 
ered. It may be truly said that next to 
the rat there is no other species of animals 
whose nutritional requirements are better 
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known than those of the common fowl. To 
the old-time poultryman, however, there 
was nothing more spectacular and miracu- 
lous than the discovery of vitamin D by 
McCollum and Simmonds and the preven- 
tion of avian rickets with cod liver oil by 
Hart, Halpin and Steenbock. Another form 
of leg weakness which without causing 
softening of the bones brought about 
pitiful distortion of the legs—known as 
hock disease or perosis—was shown to be 
due to a lack of minute amounts of man- 
ganese by Wilgus, Norris and Heuser. 
Today most poultry feeds are fortified with 
this factor at the mixing plant. 


PATHOLOGY 


Within all this progress there remains, 
however, the universal curse of all biologic 
units, the liability to disease. It is this 
phase of the industry with which poultry 
pathology is concerned and to which the 
veterinarian devotes his professional inter- 
est. In America, more than in any other 
country, poultry pathology has reached a 
high level of specialization and is recog- 
nized as a necessary functional unit of the 
poultry industry. Some of the discoveries 
along this line have profoundly influenced 
its developmental course, among them the 
discovery of the cause of bacillary white 
diarrhea, now known as pullorum disease, 
by L. F. Rettger. Practically every phase 
of poultry production is somehow influ- 
enced by it, as is fully expressed in the new 
provisions of the National Poultry Im- 
provement Plan. The devastations caused 
by certain respiratory diseases, such as 
laryngotracheitis, can now be successfully 
combated by an ingenious method of vacci- 
nation introduced by Beaudette and Hud- 
son. 


CONTRIBUTIONS OF POULTRY SCIENCE 
TO HUMAN WELFARE 

The contributions of systematic research 
to the productive capacity of the poultry 
industry and thus, indirectly, to human 
welfare have been touched upon. Poultry 
meat and egg products constitute one of the 
most wholesome and delicious protein 
sources for human nutrition. Eggs are 


rich in many necessary minerals and vita- 


mins and, hence, play an important rél 
in the nutritional preparedness of an all- 
out defense program. Research contribu- 
tions to human welfare which are less 
known but of equal importance in specific 
cases, may be exemplified by the discovery 
of vitamin K, the blood-coagulation factor, 
in chicks and its present-day therapeutic 
use for combating hemorrhage in man, 
Since its first use by Rous and Goodpas- 
ture, the chick embryo itself has proved to 
be a versatile medium for the production 
of human and animal vaccines, especially 
against certain rickettsial and viral dis- 
eases. 


ADULT POULTRY MORTALITY 


Under the leadership of _ collective 
research the poultry industry has moved 
ahead, but has exacted in its course a high 
toll in the form of adult bird mortality. 
In spite of improved management, genetics, 
nutrition and control of infectious diseases, 
adult mortality has been on a steady in- 
crease during the past two decades and has 
become stabilized on an alarmingly high 
level. This is borne out not only by the 
experience of this country, but by a recent 
report of the Poultry Technical Committee 
of Great Britain. 

With control methods for most infectious 
diseases available, there remain two major 
causes of adult mortality: the fowl-paraly- 
sis or leucosis complex and the so-called 
nonspecific diseases. The leucosis complex 
is now being studied on a broad scale by the 
U. S. Regional Poultry Research Labora- 
tory at East Lansing, Mich. Nonspecific 
diseases comprise a great variety of degen- 
erative conditions, especially of the repr: 
ductive and the urinary tracts, and, from 
the standpoint of the bird, tell us clear! 
that we are overloading the producti, 
machinery somewhere along the line. Pull: 
disease is an example. Our knowledge 
these conditions, beyond seeing the en 
effect of the damage, is elementary. 

The poultry industry has outgrown it 
adolescence. In early manhood it takes stoc 
of past accomplishments and future plan 
In a war-ridden world with disrupted con 
munications and markets abroad, the indus 
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, is meeting with new problems; research 
ist and will meet the challenge. Close 
jperation among the various scientific 
encies concerned is essential. In this, 
terinary research will play its part and 


enable the practicing veterinarian to carry 
the message to the industry.—<Editorial 
contribution by Erwin Jungherr, D.M.V., 
Storrs Agricultural Experiment Station, 
Storrs, Conn. 


The Pathology of So-Called Pullet Disease” 


ERWIN JUNGHERR, D.M.V., and JACOB M. LEVINE, M.S. 


Storrs, Conn. 


DURING THE PAST decade a disease of chick- 
ens manifesting a definite syndrome has 
aroused the attention of poultrymen in the 
northeastern states. Recently housed pul- 
lets are affected during the summer months. 
The condition is characterized by a sudden 
drop in egg production and food consump- 
tion, darkening of the comb, dehydration 
and diarrhea, in a considerable proportion 
of the flock. Severely affected birds die 
within a few hours, while milder cases 
recover. 

Notwithstanding its economic import- 
ance, the disease has hitherto escaped sys- 
tematic investigation and has not been de- 
fined in terms of either etiology or path- 
ology. An abstract of the present study 
has been published.! As is usual in-such 
cases, numerous popular names have been 
applied, such as blue comb, pullet, summer, 
housing, unknown, new, X, XX, and cho- 
lera-like disease, and contagious indiges- 
ion. Although some of these terms cor- 
‘ectly refer to one or the other outstanding 
eature of the syndrome, their multiplicity 
and their purely clinical implications are 
int to lead to confusion. 

The present report is concerned with a 
ithologic study of the disease, in order 

provide a basis for definition and further 

icidation of this apparently new entity. 


as 


> 


*From the Department of Animal Diseases, 
rrs Agricultural Experiment Station; presented 
fore the Section on Poultry at the 77th annual 
eting of the American Veterinary Medical Asso- 
tion, Washington, D. C., August 26-30, 1940. 

‘his work was aided by a grant from the East- 
1 States Farmers’ Exchange, Springfield, Mass. 

Jungherr, E., and Levine, J. M.: The pathologic 


Cc neept of so-called pullet disease. Poultry Sci., 
x < (1940), p. 354. 


The prominent features in the occurrence 
of this syndrome have been gleaned from 
an analysis of the necropsy records of the 
last nine years for which data were avail- 
able at this laboratory. A general sum- 
mary of the data is presented in table I. 
In addition, attempts at experimental re- 
production of the disease are reported. 

In trying to formulate a pathologic con- 
cept of the disease, the great variability and 
range of the syndrome in pathologic mani- 
festations can not be emphasized too 
strongly, especially if observations are con- 
fined to naked-eye examinations. This has 
led in the past to attempts at subdividing 
the syndrome into different entities, on the 
basis of insufficient criteria. The results 
of the investigations by microscopic meth- 
ods tend to show many basic features in 
common and would justify the inclusion of 
the various manifestations under one entity. 


PATHOLOGY 


Antemortem examination of typically af- 
fected individual birds may show different 
symptoms in various degrees of intensity. The 
subjects are usually well developed and in an 
excellent state of nourishment, with a tendency 
toward obesity; depression is marked and the 
comb may be wilted and cyanotic, hence the 
popular term “blue comb.” The eyes are sunken 
and the legs appear shrivelled so as to make 
the superficial veins prominent. The crop may 
be dilated by liquid or undigested solid food 
material and, if emptied by massage, releases 
sour-smelling contents. A profuse malodorous 
diarrhea is the more common feature, although 
constipation has been observed occasionally. 
When one attempts to obtain a blood sample 
by venepuncture, a great decrease in venous 
pressure is observed, in comparison with that 
of normal birds. In some cases high fever up 


| 
j 


| 
d | | 
Sapo} 


ZI 


aSVasI(] 
-LaTIOg 


proonyy 


69 


6£61-1€6) Buisng Asoyesoge of 


Aoupry 


isnany 


0 
WSI'1Va 
-INNVD 
ION] 


sAoupry 


Aine 


0 


NOLLIMLOAN 
aNV 


-ADVNVIV 


-) | siq 


snoleg 


JOAV] 


SISOIOIN 


uoy 
-edijsu0g 


9 


SOLVUVddYy KOD 
ONTIAV'T SISATVUVG 


PI 

sasvasiq 
AHOL 


uot} 
-sipAyeaq 


IVIUALOVEG 


ssoi3 ON 


uorjoefuy 


6° 


| uoIsseidaq 


sasvasiq 
NVOZOLOUD 


| 


J 
‘IVNUGLNI 


| 


(910 JO [) 
SUOISO] 


JO [) 


qjuour 
Ul 


JO 


AAILV 


IVLOL 


AWNINGS 


SN 
-LATIOg 40 ° 


40 


SLO'T 


% 


cg 


| = | 
| | | | 
L 
Z © | 
: | 
| } © | 
| 
| | 
| 
} 
tt 
Ries | 
a | 
les = | | 
| 
| | 
} 
| 
| 
n | | 
| | 
| 
| | 
| 
| | 
| 
} } | 
} 
- | | | = | | 
} 
| ~ | 
© 
| | | 
| } 


112 F. has been observed, while the majority 

ww normal or even subnormal body tempera- 

e. It is this feature of occasional pyrexia 

ich seems to have led some observers to 

ak of an X and an XX disease, respectively. 
tailed clinical examination, especially with 
longed observation, is often unsatisfactory, 
ause any excitement due to handling may 
d to sudden collapse and death, in the face 
severe dehydration and resulting hemocon- 
itration. It will be noted that the outward 
inifestations do not clearly differentiate the 
ndrome from other diseases in a terminal 
ige, as, for example, specific bacterial dis- 
ses and lymphomatosis. Flock symptoms to- 
ther with the anamnestic data of an outbreak 
are, on the whole, much more instructive and 

ll be discussed under “Occurrence.” 

Before going into a discussion of the special 
pathology of the condition, it must be antici- 
pated here from the experimental studies that 
ill efforts to demonstrate an infectious cause 
of the syndrone have failed and that the pres- 
ent indications point toward an essentially de- 
generative metabolic process. 

The pathologic picture of pullet disease may 
be developed somewhat in the order in which 
it is revealed by following a routine postmor- 
tem technic. The histologic features are 
described in conjunction with the gross lesions, 
to facilitate their interpretation. The variabil- 
ty of the pathologic picture is brought about 
by the occurrence of different combinations of 
organic lesions (to be described) and by varia- 
tions in their intensity; the larger and more 
severe lesions lead to macroscopic manifesta- 
tions, while the milder degrees may become ap- 
parent only in microscopic sections. 


Skeletal Muscle.—This tissue was affected in 
mewhat 


less than one fourth of the cases. 


PATHOLOGY OF PULLET DISEASE 


263 


The more indefinite lesions consist of dehydra- 
tion recognizable by a concave contour of an 
otherwise well-developed breast muscle, lack of 
tonus, and capillary injections; these features 
can be evaluated only in fresh specimens. Of 
particular interest is the occurrence of fish- 
flesh-like, pale, often turgent areas which are 
usually well circumscribed but sometimes dif- 
fuse, and occur especially in the adductor group 
of the median thigh region and the breast 
muscles. They are not strictly specific for, 
but in conjunction with other features highly 
suggestive of, the syndrome under discussion. 
Microscopically these areas represent very 
early patchy muscular dystrophy. In cross sec- 
tions the Cohnheim fields may be in a state of 
granular disintegration, separated by endo- and 
perimysial edema. Longitudinal sections of the 
more pronounced cases show loss of striation, 
fragmentation and hyaline swelling of the 
muscle fibers, associated with mild poly- and 
mononuclear reactions (fig. 1). The features 
correspond to so-called Zenker’s degeneration, 
as seen in human typhoid fever and other toxic 
conditions. Beginning regeneration, as_ indi- 
cated by multinucleated myocytes and mitotic 
figures, was observed at times. 
Liver.—Although this organ may appear quite 
normal, fatty or congested, the most typical 
although not too constant alteration is an 
evenly spaced studding of the liver and its cut 
surface with round, yellowish areas up to 1 
mm. in diameter which often show a minute 
hemorrhagic center. The yellowish foci may 
be few in number and associated with subcap- 
sular petechiae; there is ordinarily no evidence 
of tumefaction or fibrinous exudation. Micro- 
scopically the yellowish areas represent typical 
focal necrosis of no particular zonal orientation. 
The efferent veins are often congested. It is 


Fig. |. Breast muscle, 
showing extensive Zen- 
ker's degeneration 


(x 150). 
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Fig. 2. 
focal 
liver 
present in 


Liver, shewing 
necrosis. Gross 
lesions were not 


this bird 


(x 150). 


not uncommon to find necrotic foci in the ab- 
sence of corresponding gross alterations. The 
size of the necrotic areas varies from groups of 
two or three eosinophilic parenchymal cells to 
large confluent foci; the seemingly older foci 
are frequently infiltrated with or eroded by 
poly- and mononuclear leucocytes, perhaps an 
expression of initial repair. Similar cellular 
reactions may be present in the perifocal 
parenchyma. Occasionally one encounters re- 
generated groups of liver cells which are more 
or less sharply set off from the original 
parenchyma. 

Two other types of hepatic lesions are ob- 
served, but only in microscopic sections having 
no corresponding gross features (poly- and 
mononuclear infiltrations of the periportal sup- 
portive tissue and bile stasis). The infiltra- 
tions are known to occur in connection with 
other diseases and are not specific. Bile stasis 
is evidenced by dilatation of the large bile ducts 
(fig. 3), containing bile concretions, by dilated 
bile capillaries, and bile pigmentation of the 
Kupffer cells and other phagocytes. Some of 
the arterioles and precapillaries show endo- 
thelial and mural injury which may explain the 
grossly observed petechiation. 


Serous Surfaces.— Multiple petechiation of 
the serous surfaces is an important feature of 
the more acute cases; it is this feature which 
has been responsible for the designation 
cholera-like disease. The minute hemorrhages 
are spaced somewhat wider than in acute in- 
fectious diseases and are apt to be found, in a 
descending order of frequency, on the inner 
surface of the sternum, the caudoventral abdom- 
inal fat cushion, the gizzard fat and the peri- 
cardium. Microscopically one can sometimes 
demonstrate minute vascular injury. In addi- 


tion, the peritoneal surfaces of such organs as 
the pancreas and kidney often show a structure- 
less exudate which may be infiltrated with 
polynuclears; this mass frequently shows 
spherical eosinophilic globules (fig. 4). By 
comparison with the microscopic appearance of 
a normal ovary, these globules can be identified 
easily as either nucleoli of the egg cell, if they 
contain a granulated inner structure, or as con- 
densation products of the egg cell cytoplasma 
(fig. 5). This finding strongly suggests that 
rupture of young egg follicles and consequent 
spilling of egg material into the abdominal cay 
ity may be of much more frequent occurrence 
than can be judged from the gross findings. 


Spleen.—As a rule, this organ does not pre- 
sent any conspicuous gross lesions. The lack of 
tumefaction should be emphasized, as it is use- 
ful in the differentiation from acute bacteria! 
diseases and leucosis. The histologic picture is 
usually normal; however, in some _ instances 
pericorpuscular hemorrhages and small necrotic 
foci have been observed, the latter in the sinu- 
soidal areas. Bile and hemosiderin pigmenta- 
tion is seen in phagocytes and the adventitia! 
region of vessels (fig. 6). 


Pancreas.—Without doubt, 
this organ are of the most interesting kin 
but may escape the hasty observer. Normal 
the pancreas displays a pinkish-gray homoge 
ous coloration; in this disease the gland shov 
often a chalky appearance which resolves i 
self into numerous fine, whitish nodules < 
close inspection. Microscopically this seems | 
correspond to an apparent increase in numbe ’ 
and size of the Langerhans islands and a re! 
tive compression of the surrounding acinar t!- 
sue. The columns of the island cells are wide 
separated, and the individual cells show a bas: 


the changes 


264 
= 


| 


y 1941 PATHOLOGY OF PULLET DISEASE 265 


displacement of the nuclei (fig. 7). In the 
n clei of some of the changed islands, but more 

en in otherwise unaltered islands, one may 
o.serve a few cells with pale eosinophilic in- 
tranuclear inclusion bodies (fig. 8) which by 
virtue of their poor tinctorial characteristics 
and irregular occurrence should probably be in- 
terpreted as colloidal degeneration products. 

far as the authors are aware, this type of 
panereatic lesion has not been described in the 
literature. From the specimens studied it is 
difficult to escape the conclusion that the pan- 
creas presents definite morphologic evidence of 
insular and perhaps also acinar injury. 


Intestine-——The external surfaces of the in- 
testinal tract are often unaltered grossly, but 
on dissection one may find a large amount of 
turbid tenacious mucus which is removable 
from the lumen in a perrect mold. The more 
caudal portions may show large amounts of 
liquid ingesta. Microscopic sections studied so 
far are somewhat disappointing in that they 
show nothing more than desquamation, some 
lymphoid hyperplasia and mononuclear infiltra- 
tion of the villous parenchyma. Pathologically 
the changes could be classified as catarrhal en- 
teritis. 

Kidney.—The gross lesions of the kidneys 
present a gradient beginning with absolutely 
insignificant changes to marked enlargement 
and finally the familiar picture of uric nephritis 
known as visceral gout. Unmistakable visceral 
gout lesions have been seen in conjunction with 
the characteristic musculo-hepato-pancreatic 
lesions, not only in the same outbreak, but also 
in the same specimen lot and even in the same 
specimen. Moreover, several sporadic cases of 
congenital unilateral renal agenesia presented 
typical gross evidence of muscle changes, focal 


Fig. 3. Liver, showing 
large, dilated bile duct 
with bile concretions 


(x 150). 


necrosis of the liver, serosal petechiae and 
chalky pancreas. There exist, therefore, good 
reasons to regard the various organic lesions 
as belonging to one pathologic entity. Micro- 
scopically the renal lesions are usually patchy 
and varying in kind. In the most acute cases 
one sees extensive cloudy swelling and pyknosis 
of the tubular epithelium. This point can be 
evaluated with safety only in sacrificed birds, 
on account of the rapid postmortem changes 
in these tissues. 

Other kidney changes of an unequivocal 
character consist of hyaline casts surrounded by 
degenerated tubular epithelium (fig. 9). In 
some places the altered epithelium undergoes 
infolding and disintegration of the cellular 
membranes, which results in the formation of 
pseudo-giant cells. The larger of these foci 
may show a crystalloid radiating center con- 
sidered to be pathognomonic for gout. Tubular 
dilatation and interstitial infiltration in the 
medullary portions are common. Extreme 
cases show complete choking of the renal tubuli 
with polynuclears. Contrary to accepted opin- 
ion regarding animal nephritis, the glomeruli 
frequently show alterations in this disease 
such as thickening of the basement membrane, 
protein precipitate in Bowman’s space, adhe- 
sions (fig. 9) and cystic dilatation (loculation) 
of the glomerular tufts. Occasional fibrotically 
obliterated glomeruli are observed. In judging 
the significance of these changes, it should be 
remembered that the majority of the specimens 
originated from birds in the prime of life. 

Nose.-The mucous membrane of the nasal 
passages may show a highly congested appear- 
ance, so much so that one could become sus- 
picious of dealing with a respiratory disease. 


Blood.—The blood picture may show a mild 
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Fig. 4. Pancreas with 

serosal exudate, show- 

ing “globular bodies 

from egg cells and 

slight cellular infiltra- 
tion (x 150). 


absolute and relative polynuclear and mononu- 
clear leucocytosis of a nonspecific character. 

Brain—-Pituitary.—The central nervous sys- 
tem showed at times small glia foci which 
were inconstant and regarded as incidental. In 
the comparatively few specimens examined the 
hypophysis showed cysts which are known to 
occur normally; however, their number ap- 
peared to be increased, a point which deserves 
further investigation. 

Chemical Pathology.—Over 500 chemical de- 
terminations of blood constituents of affected 
and comparable normal birds have been per- 
formed, the details of which will be published 
elsewhere. Suffice it to say that the average 
values for glucose in affected birds were 200 
mg. per 100 cc. of blood, in comparison with 
178 in normal birds; for non-protein nitrogen 
26.8, as against 14; for uric acid 15.4, as against 
5.1; and for calcium 13.6, as against 20.9 
normal. The figures for phosphorus and mag- 
nesium were approximately within normal 
limits. The examination of the blood constit- 
uents of affected birds revealed, therefore, 
hyperglycemia, high non-protein nitrogen and 
high uric acid, and hypocalcemia, a chemico- 
pathologic picture which is in keeping with a 
uremic concept of pullet disease. 


COMPLICATIONS 


Although about 72 per cent of the cases 
were of an uncomplicated character, asso- 
ciated diseases may make the recognition 
of the main underlying disease difficult, 
especially if only a few specimens are sub- 
mitted for study or if the history is atyp- 
ical. By far the most important complica- 


tion is some form of the leucosis complex. 
This is not difficult to understand, if it is 
considered that the kidneys are frequently 
infiltrated in lymphomatosis and are apt 


to bring about a terminal uremia. Other 
complicating factors observed were coli 
peritonitis, which has actually been accused 
of being the primary cause of pullet dis- 
ease, intestinal coccidiosis, avitaminosis A, 
antecedent fowl-pox vaccination, staphy- 
lococcosis, pullorum disease, blackhead, 
coryza, etc. The specific pathologic picture 
of all these complications is well known and 
can be differentiated from that of pullet 
disease. On the other hand, that any of 
these diseases can act as the mediate pro- 
dromal cause of the syndrome of pullet dis- 
ease and thus lead to a terminal uremia can 
not be denied. This subject needs further 
study. 
OCCURRENCE 

The factors which would ordinarily }e 
concerned with epizoétiology and anamne- 
sis of an infectious disease may profitably 
be discussed under the above heading. 

The geographic occurrence of pullet dis- 
ease is not definitely known. While Co:- 
necticut supplied the bulk of the material 
studied here, specimens were received frc 7 
Maine, Massachusetts, Rhode Island, N: w 
York, Pennsylvania, Maryland and De ?- 
ware, and found to be indistinguisha! ‘e 
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thologically. Preliminary expressions of 
ultry pathologists? from some of these 
sates have confirmed the occurrence of the 
s ndrome there. Verbal reports seem to 
indicate its presence in North Carolina and 
Michigan. 

The question of feed used was of par- 
‘ticular interest in connection with this ap- 
parently metabolic disorder. The available 
data, however, indicate that aside from 
home-mixed rations and commercially mixed 
rations according to the so-called New Eng- 
land formula, 20 different commercial 
brands were involved in the outbreaks; the 
numerical involvement of the brands corre- 
sponded closely to the prevailing usage of 
the feeds and, therefore, no conclusion can 
be drawn as to the causal relation of cer- 
tain feeds to pullet disease. 

Various poultry breeds were found to be 
susceptible. Although the data presented 
in table I suggest that Rhode Island Red 
birds are most frequently affected, it is 
not possible to draw definite conclusions, 
since the data are, of course, influenced by 
the factor of industrial preference for cer- 
tain breeds. 

The predominant age at which “pullet 
disease” affects birds is very well brought 
out by the statistical study, which indicates 


Brunett, E. L., and Bullis, K. L.: “Unknown 
disease.”’ Mimeographed Proc. 13th Ann. Conf. 
Lab. Workers in Pullorum Disease (Amherst, 


Mass., May 1940). 


Fig. 5. Normal ovary, 

showing “globular” 

bodies similar to those 

depicted in figure 4 
(x 150). 


that the majority of the cases occur be- 
tween the ages of 5 and 7 months, that is, 
during early production; hence the appro- 
priateness of the term “‘pullet disease.” 
The disease, however, may occur before this 
age, and as late as the second laying period. 
It has been seen in chicks 4 weeks old in 
typical form as to symptomatology and 
renal gross lesions. Characteristic micro- 
scopic lesions were found in liver and mus- 
cle tissues, a fact which strengthens the 
pathologic concept of the syndrome set 
forth herein. Turkeys have likewise been 
found affected; the symptoms were so strik- 
ing that the owner submitted the specimens 
to the laboratory as cases of “pullet dis- 
ease” in another species. 

The seasonal incidence, implied in the 
term “summer disease,” is shown by the 
data, the majority of the cases occurring 
between June and November, with a peak in 
August. The relationship between climatic 
temperature and water balance may very 
well play an important réle in such metab- 
olic disturbances, 

The flock history is of particular assist- 
ance in recognizing, or at least suspecting, 
true outbreaks, but not sporadic cases of 
the disease. The anamnestic data usually 
indicate a sudden affliction of apparently 
healthy flocks. Over one half of the cases 
had been in progress for less than one week 
when referred to the laboratory and about 
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Fig. 6. Large splenic ar- 
tery, showing adventitial 
pigmentation (x 150). 


one fourth for two weeks; the remainder 
were reported as having gone from three 
to ten weeks or even longer. When the 
reported duration is very long, intercurrent 
diseases must be suspected. On the other 
hand, if the flock history indicates a sud- 
den breakdown over a comparatively short 
period of time and if laboratory examina- 
tion should provide evidence of the presence 
of lymphomatosis, it is very unlikely that 
the complicating disease is the main factor 
in the causation of the clinical syndrome. 

The average morbidity, according to the 
available data, amounted to 21.7 per cent 
with a range of from 0.1 per cent to 100 
per cent, and the average mortality to 5.2 
per cent, with a range of from 0.2 per cent 
to 53.3 per cent. With such low minima 
for morbidity and mortality, it is, of course, 
quite possible that minor outbreaks are 
entirely overlooked. 


EXPERIMENTAL PROCEDURE 


Since the acute cases of the disease have to 
a large extent the characteristics of an acute 
infectious disease, as exemplified by focal 
necrosis of the liver and serous petechiation, 
cultural studies were made to demonstrate a 
bacterial infectious agent, all with negative 
results. Furthermore, both unfiltered and 
filtered extracts of tissues and intestinal con- 
tents were inoculated into presumably sus- 
ceptible birds by various routes, again with 
negative results. Since these studies led to 


the belief that we were dealing with a meta- 


bolic disorder, feeding trials were made with 
various substances known to be precursors of 
uric acid formation, or as having a specific 
nephrotoxic action, such as urea, ammonium 
carbonate, ammonium chloride, lactic acid, 
adenine sulfate, potassium nitrate, arsenic acid, 
mercuric chloride, lead acetate and sodium tar- 
trate; again the results were negative. Further- 
more, a basal synthetic diet supplemented with 
vitamins A, D, E, B,, riboflavin and B,, reported 
by Gyoérgi and Goldblatt® to be hepatotoxic in 
rats, was tried, also with negative results. At- 
tempts to reproduce the disease by surgical 
bilateral ligation of the ureters produced an 
acute uremia, as would be expected, but the 
condition did not resemble the syndrome under 
discussion. Unilateral ligation produced one 
typical case associated with focal liver lesions 
and hemorrhages, but on repeated experimen- 
tation no success was obtained. Inoculation of 
a known virulent strain of staphylococcus, and 
of its alpha toxin, likewise failed to produce 
the condition. 

Of known nephrotoxic chemicals employed, 
such as uranium nitrate and potassium dichro- 
mate, the latter proved to be the most effective. 
It was found that potassium dichromate in- 
jected daily over a period of four days at ‘he 
rate of 10 to 20 mg. per kilogram (2.2 Ib.) of 
body weight caused clinical cyanosis, and 4 
gross pathologic picture indistinguishable from 
renal gout. It was of interest to note tat 
liver, muscle and pancreas showed microsco ic 
lesions of a similar but less intense charac °r, 
as compared with those noted in field cases of 
pullet disease. From further work it beca ne 


8Gyérgy, P., and Goldblatt, H.: Hepatic in) ry 
on a nutritional basis in rats. J. Exp, Med., Xx 
(1939), pp. 185-192. 
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arent that the dichromate radical was re- 
nsible for the nephrotoxic action, but 
ther this was due to a specific action or 
oxidative property has not been determined. 

Oral administrations ef potassium dichromate 
not have the same effect; large doses caused 
rexia. 


Ts EATMENT 


No treatment is known for pullet disease 
which is based upon scientific evidence. 
From the empirical standpoint, dietary 
treatment was given, apparently with suc- 
cess. This consists of putting the birds 
on a special wet mash for three hours every 
other day during one week, the composi- 
tion of the wet mash being 50 parts oats, 
50 parts bran, 10 parts molasses and 5 parts 
vater. Recently this treatment was aug- 
mented by medicating the drinking water 
with either 1:2,000 copper sulfate or 1:4,000 
potassium dichromate, the latter hav- 
ing been suggested by Weisner of Mich- 
igan. Medicated drinking water is offered 
in earthenware vessels on the days the spe- 
cial wet mash is given. The results of the 
treatment have been fairly satisfactory in 
most cases, but their critical evaluation is 
impossible at this time. The only definite 
suggestion which can be gleaned from the 
application of the treatment is that the 
apparently good results would negate the 
idea of dealing with an infectious disease 


g. 7. Pancreas, show- 
g enlargement of 
angerhans islands in 
hich the nuclei show 
asal displacement 


(x 150). 


and strengthen the concept of pullet dis- 
ease as a metabolic disorder. 


DISCUSSION 


Visceral gout of chickens and other birds 
has been known for a long time. During 
the last decade a syndrome of young lay- 
ing chickens has become crystallized in 
the minds of poultry students; it is char- 
acterized by sudden onset of unexplained 
droopiness, and in its most characteristic 
form by small, yellowish areas in the liver 
associated with punctiforin hemorrhages in 
the peritoneal cavity. Less severe cases fail 
to show these lesions, but reveal soft or 
broken egg follicles, mucoid enteritis and 
diarrhea. The comparatively wide range 
in symptoms and lesions has led to a mul- 
tiplicity of popular terms and to attempts 
to subdivide the condition into several ill- 
defined entities. A pathologic investigation 
of the condition reported here has shown 
that the syndrome is characterized by de- 
generative changes in kidney, liver, pan- 
creas and muscle and that as a rule micro- 
scopic lesions can be demonstrated in these 
organs, even if not visible to the naked eye. 
The quantitative abnormalities in the blood 
constituents of affected birds suggest a 
uremic condition. Although it has not been 
possible so far to reproduce the exact path- 
ologic picture, experimentally produced 
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gout in birds is associated with microscopic 
liver, pancreas and muscle lesions. It is, 
therefore, reasonable to assume that there 
exists a definite hepato-renal pathologic 
syndrome in birds which occasionally ex- 
tends its effect upon pancreas and muscle. 

Birds are said to possess a peculiar direct 
vascular shunt between the portal and the 


Fig. 8. Langerhans island of pancreas. Nucleus 

of cell in center (arrow) and of some other 

cells show an eosinophilic inclusion body due to 
colloidal degeneration (x 1,150). 


renal circulation. This would furnish an 
anatomic basis for the frejuently occur- 
ring hepato-renal syndrome in that, for 
instance, retention of urinary products 
could easily cause regurgitation into the 
liver. However, the hepato-renal syndrome 
is also well known in mammals. In general, 


the syndrome of pullet disease resembles in 
certain of its pathologic features eclamps.a 
of man and similar endogenous toxemias in 
mammals. Some of the renal lesions seem 
to have been in existence longer than is 
suggested by the clinical duration of the 
disease. It is possible that the renal lesions 
are basic and that under the stimulus of 
various exogenous factors, they give rise 
to a more generalized disturbance of the 
metabolism, as expressed in the clinical 
syndrome of pullet disease. From the fact 
that the pancreas shows evidence of injury 
one would suspect a disturbance in the car- 
bohydrate metabolism, but whether this is 
primary or secondary to a disturbance of 
the protein, fat, vitamin or hormone meta- 
bolism must be studied further. 

The nomenclature of the disease is un- 
satisfactory, since most of the popular 
terms refer to one or the other important 
clinical feature of the syndrome, and no 
scientific name has been suggested. If the 
ketone metabolism could be shown to be 
significantly affected, avian ketosis would 
be a suitable name; otherwise, one could 
tentatively compromise on the term “he- 
pato-nephrosis.” 


SUMMARY 


This report is concerned with an epi- 
zootiologic, pathologic and experimental 


Fig. 9. Kidney, showin 
glomerular thickenin 
of basement membran: 
periglomerular fibro: 
and adhesions of tuft 
in lower right corne 
a tubular cast (x 150 
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s\ dy of a syndrome of young laying birds 
irring primarily in the north Atlantic 
| north central states during the warm 
son; it is popularly known as blue comb, 

s.mmer, housing, unknown, X, XX, and 
ch olera-like disease, or contagious indiges- 
tien. According to data collected from 193 
to 1939, the disease reveals great variability 
wth respect to symptomatologic and path- 
ologic features; by microscopic examina- 
tion of tissues certain common features can 
pe determined which permit us to regard 
the disease as an essential entity. Attempts 
to subdivide the syndrome complex are not 
well founded at the present time. 


[he disease occurs usually soon after 
housing, but may be observed on range. It 
affected, on the average, 21.7 per cent of 
the flock, with an average mortality of 5.2 
per cent. The symptoms consist of drop 
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in egg production, droopiness, cyanosis, de- 
hydration, diarrhea or constipation, and 
occasionally pyrexia. Pathologically the 
condition is characterized by focal necrosis 
of the liver, serous petechiae, enlargement 
and apparent injury of the pancreatic is- 
lands, patchy muscular dystrophy, and 
nephrotic changes in the glomeruli and 
tubuli of the kidneys. The quantitative 
changes in the blood constituents suggest 
uremia. Experimental production of renal 
gout in birds by injection of small doses 
of potassium dichromate is associated with 
cyanosis and microscopic liver and muscle 
lesions, a picture not unlike that of the 
spontaneous syndrome. Pullet disease is 
considered to resemble the endogenous tox- 
emias in other animals, and to represent 
essentially a uremic condition, the under- 
lying causes of which must be studied 
further. 
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Transmission of Fowl Leucosis Through Chick Embryos and 
Young Chicks” 


W. J. HALL, D.V.M., C. W. BEAN, D.V.M., and MORRIS POLLARD, D.V.M., M.Sc. 
Beltsville, Md. 


SINCE THE FIRST successfu! experiments in 
the artificial transmission of leucosis by El- 
lermann and Bang! in 1908, many investi- 
gators have reported on transmission stud- 
ies of this and related diseases. These re- 
ports show wide variability with respect 
to the percentage of inoculation takes, in- 
cubation period, and percentage of cases 
developing in the controls. The results of 
preliminary studies in artificial transmis- 
sion of the avian leucosis complex carried 
on by one of us (W.J.H.) in 1935 were 
likewise highly variable and inconclusive. 
This experience led to the conclusion that 
the greatest difficulties in the way of suc- 
cessful investigation of this disease are the 
lack of a stable infective agent of high 
potency and of susceptible control birds 
which will remain free of the disease 


throughout the experimental period. 

Without attempting a comprehensive re- 
view of the literature, a few instances are 
cited from our own experience and that of 
others which lend support to these conclu- 
sions. 


REVIEW OF PREVIOUS STUDIES 

In our first two transmission experiments in 
1935, eggs were obtained from a large institu- 
tional flock of White Leghorns in which no 
history of the presence of any form of the avian 
leucosis complex could be‘obtained. The eggs 
were hatched in our own incubator. Material 
for inoculation was obtained from a large ex- 
perimental flock in which there was a severe 
outbreak of lymphomatosis. In the first experi- 
ment 52.5 per cent of 80 inoculated birds and 
31 per cent of 96 controls developed lympho- 
matosis (neural, visceral, or ocular). The in- 
cubation period and course averaged 80 days. 
In the second experiment, 69 per cent of 94 

*From the Animal Disease Station, U. S. Bureau 
of Animal Industry; presented before the Section 
on Poultry at the 77th annual meeting of the Amer- 
ican Veterinary Medical Association, Washington, 
D. C., August 26-30, 1940. 

1Ellermann, V., and Bang O.: 
Leukimie bei Hiihern. Cent. f. Bakt., xlvi 
pp. 595-609. 


Experimentelle 
(1908), 


inoculated birds and 31 per cent of 48 controls 
died of lymphomatosis in an average period of 
115 days. 

These results were so confusing that eggs for 
the third experiment were obtained from a new 
source, a Rhode Island Red flock, reported to 
be free of the leucosis complex, but again in 
this experiment while 69 per cent of takes 
were obtained in the inoculated group, 20 per 
cent of the controls developed lymphomatosis. 

Hamilton and Sawyer? inoculated twelve 
groups of chicks intravenously with blood and 
tissue suspensions from a virulent natural out- 
break of erythroleucosis in young chicks. Of 
47 chicks inoculated, 40 (85 per cent) con- 
tracted leucosis. The average incubation pe- 
riod and course was 14.7 days. The controls 
remained normal. 

Jungherr,* working with six transmissible 
strains of lymphomatosis (neural and visceral), 
obtained 38.2 per cent of takes by inoculation 
and a spontaneous incidence of 1.4 per cent in 
the controls. The incubation period and course 
varied from 24 days in the sarcoma cases to 330 
days in the lymphomatosis types. 

In an artificial transmission experiment with 
unfiltered tissue extracts, including blood, 
brain, nerve and marrow from a bird affected 
with lymphomatosis, Johnson‘ obtained takes in 
13 (56 per cent) of 23 birds. The incubation 
period and course averaged 195 days. In a 
second experiment in which blood was used 
from a case of lymphomatosis, but with some 
alteration of the blood picture, 23 chicks were 
inoculated and, of these, eleven, or 48 per cent, 
were takes. The incubation period and course 
averaged 177 days. Of 22 controls, 9 per cent 
became affected. 

Lee and coworkers’ carried out transmission 
experiments with viruses of the leucosis c: 
plex on six groups of chicks of which tw 
groups were susceptible and two groups resist- 
ant. Among the inoculated birds 73.5 per « 
of the susceptible group and 40.6 per cen! 


*Hamilton, C. M., and Sawyer, C. E.: Trans 
sion of erythroleucosis in young chickens. Po 
Sci., xviii (Sept. 1939). 

®*Jungherr, E.: Studies on fowl 
Transmission experiments. Storrs 
Exp. Sta. Bul. 218 (March 1937). 

‘Johnson, E. P.: The etiology and histoge! 
of leukosis and lymphomatosis of fowls. Virs 
Agr. Exp. Sta. Tech. Bul. 56 (May 1934). 

5SLee, C. D., Wilcke, H. L., Murray, C., 
derson, E. W.: Fowl leucosis. J. Inf. 
(July-Aug. 1937). 
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he resistant group developed the disease. Of 
he pen contact birds 44.1 per cent of the sus- 
eptible group and 15.6 per cent of the resistant 
roup contracted some form of leucosis or 

mphomatosis. The incubation period and 

ourse for the inoculated groups averaged 199 
ays. Of 60 controls, 6.6 per cent developed 
ymphomatosis mostly after a prolonged incu- 
ation period of a year or more. 

Lee and Wilcke® reported in 1938 on three 
ransmission experiments by injection of lym- 
phomatous tissues into susceptible and resistant 
rroups of chickens. The susceptible groups 
veraged over 80 per cent takes, and the resist- 
nt groups averaged about 35 per cent takes 
yver a period of 14 months. All controls re- 
mained healthy throughout the experimental 
period. This is one of the few instances reported 
in the literature in which the control birds 
remained completely free of the disease over a 
prolonged experimental period. 

Of 25 chickens inoculated with blood from 
cases of erythroleucosis and myeloid leucosis 
by Stubbs and Furth’ 52 per cent contracted 
leucosis. The incubation period and course 
averaged 63 days. The controls remained free 
of the disease although kept in the same room 
and in alternating cages between the inoculated 
birds. 

Durant and McDougle® inoculated 527 baby 
chicks intravenously with blood from donors 
whose dams showed symptoms of ocular 
lymphomatosis. Of these, 91 (17.1 per cent) 
developed neural lymphomatosis, while 3.5 per 
cent of the controls contracted the disease. 
The incubation period and course ranged from 
me to ten months. 

Thus it is seen that widely variable results 
with respect to percentage of takes in inocu- 
lated groups, period of incubation and course, 
and percentage of cases that developed in con- 
trols have been obtained by different investi- 
gators. 

Two years ago experiments in artificial trans- 

ission of fowl leucosis were begun in an 
ttempt to increase the potency and uniformity 

’ the infective agent by rapid serial passages 
through young chicks. 


PROCEDURE 


Donors for the first passage were two 11-week- 
d chickens taken from a large flock on range 
ii which there was an outbreak of neural 
lymphomatosis. These two donors both showed 


Lee, C. D., and Wilcke, H. L.: Fowl leucosis. 
Transmission experiments. Poultry Sci., xviii 
iy 1939). 


Stubbs, E. L., and Furth, J.: Transmission ex- 
} ments with leucosis of fowls. J. Exp. Med., 

(Feb. 1, 1931). 

/urant, A. J., and McDougle, H. C.: Studies on 
t origin and transmission of fowl paralysis 
(. urolymphomatosis) by blood inoculation. Mis- 
so ri Agr. Exp. Sta. Res. Bul. 304 (Aug. 1939). 


clinical paralysis of the legs and gasping. Both 
showed gross enlargement of the brachial 
nerves and one, enlargement of the vagus 
nerves. One showed a marked lymphoid hy- 
perplasia of the ulnar marrow, while the other 
showed a marked increase in the number of 
lymphoid cells in the peripheral blood. For 
the first inoculation, infiltrated nerves and 
marrow from the two birds were pooled. Nerve 
and marrow were ground up separately in 
mortars with normal saline solution in about 
a 10 per cent dilution. This suspension was 
strained through sterile cotton and injected by 
the intraperitoneal, intramuscular, and intra- 
cranial routes into 1- to 3-day-old chicks. 

In all subsequent inoculations, heparinized 
blood was used as the inoculum. This was inoc- 
ulated by the intraperitoneal and subcutaneous 
routes into 1- to 3-day-old chicks in all but the 
last three inoculations reported in which the 
intracardial or intravenous routes were used. 
The dose was 0.2 to 0.4 cc. regardless of the 
route used. 

The chicks used for inoculation, pen contact 
and controls were hatched from eggs supplied 
from our flock of susceptible Rhode Island Reds. 
This flock has been closely inbred for four 
years. The incidence of leucosis in this flock 
has been limited to six cases (6 per cent) in the 
last four years. Of these, two were sarcomas, 
one osteopetrosis, one ocular lymphomatosis 
and two visceral lymphomatosis. 

Transmission Experiments.—During the last 
two years 17 serial passages of leucosis strain 
A have been completed in the course of which 
1,617 chicks have been used. Of these, 561 (34.7 
per cent) were inoculated, 182 (11.2 per cent) 
were pen contacts, and 874 (54.1 per cent) were 
controls. Leucosis occurred in 81 per cent of 
the inoculated group, 27.4 per cent of the pen 
contacts and 6.9 per cent of the controls 
(table I). 

The various manifestations of the leucosis 
complex were distributed in these three groups 
as follows: 


Inoculated group Per cent 
Erythroleucosis 56 
Lymphomatosis, visceral 42 
Other 2 

Pen Contact group 
Lymphomatosis, visceral 92 
Lymphomatosis, neural f 
Erythroleucosis 2 
Other 1 

Control group 
Lymphomatosis, visceral 7 
Lymphomatosis, neural 24 
Other 3 


In figure 2, two curves show the percentage 
of erythroleucosis and lymphomatosis (vis- 
ceral) throughout 17 passages. 
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TRANSMISSION BY FILTRATES 


Portions of livers and spleens from three 
cases of erythroleucosis, strain A, were 
pooled and ground up with normal saline 
solution. The suspension was then passed 
through a Berkefeld V filter. Ten 3-day-old 
chicks, of our susceptible R. I. Red strain, 
were inoculated with 0.4 cc. of the filtrate, 
part intraperitoneally and part subcutane- 
ously (inoc. 47). Of the ten chicks, six de- 
veloped visceral lymphomatosis and one 
erythroleucosis. The incubation period and 
course averaged 100 days, which was double 
the incubation period and course of unfil- 
tered virus at that time. In ten pen con- 
tacts 50 per cent developed visceral lympho- 


Inocu- |Virus |NuMBER | 
LATION | Pas- | INocvu- | 
SAGE | LATED | 
No. 


Per. | 
| 3 | 19 | 56 | 
10 5 5 | 
| 
15 
9 
10 
20 
17 
20 
10 
15 
19 
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DO | 


| INCIDENCE OF LEUCOSIS 
INOCULATED | PEN 


| 
No. Per. 


matosis. Among 40 controls there were two 
spontaneous cases, one case of visceral and 
one of neural lymphomatosis. 

In figure 1, two curves show the progress 
made toward lowering the incubation pe- 
riod and increasing the number of takes 
during 17 passages of the leucosis agent 
through baby chicks. The solid line repre- 
sents the percentage of takes and shows a 
gradual trend upward from 50 per cent in 
the first two passages to a peak of 100 per 
cent in the 12th passage and again in the 
17th passage. 

The broken line represents the incuba- 
tion period and course, i.e., the time that 
elapsed between date of inoculation and 
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138 
80 
56 
91 
63 
95 
89 
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TABLE I—Serial Passages of Leucosis, Strain A, Through Young Chicks . 4 
| INCUBATION PERIOD 
| | | | | 
9 | | 3 | | 114 Be 
| 15 | | | 19.2 | 224 | 
24 | | 5.5] 190 
31 | | 10.0 | 75 
34 | 105 
37 | | | | 7.0 | 239 
42 | | 5.8] 116 ' 
43 | | 11.6] 56 151 
44 | | | 7.4] 86 } 120 | 
45 | 4.0] 59 | 173 
46 | | 40 | 5.0| 56 | | 102 
48 | 67 | 5.2] 52 | 205 207 
50 | } m@ | 15 | 100 | | 80 | 59 186 
51 | 20 iwi | 60 | 11.5 | 44 210 259 
. 52 | 20 19 | 95 | 50 | 9.0} 50 225 201 
53 20 16 | 80 | | 14.8] 53 216 160 
54 24 | 2.9] 49 114 114 
56 20 is | 95 | | 30 | | 31.2| 48 181 175 v 
64 16 | 12 | 7% | | 56 | 62 | 187 193 
58 9} 2 | 14 | 7 | 40 | | 5.0] 57 | 160 54 
62 | 9 | 17 13 | 76 | 13 | | | 49 | 237 
63 | 10 | 19 is | 90 | | 40 | | | 51 | ) 
66 | 79 | 20 | | 13.3} 56 | 127 6! 
68 | 11 14 |] 13 93 | 16.6) | 200| 47 | 173 17’ 
71 11 | 15 | 15 | 100 | 40 | | 17.0] 44 | 147 15 i 
72 | 12 | 10 | 10 | 100 | 10 | 
50 | | 33 | 12.0] 160 | 165 9 
78 | 13 15 13 87 | 25 | 15.0] 38 117 5 p 
77 14 9 a= | | | | 59 | f 
; 81 14 12 11 | 92 | | 34 | z 
84 | 14 18 16 89 14 10.0| 47 104 8 te 
83 | 15 10 10 | 100 | | 36 A 
105 | 15 18 16 89 31 
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te of death, and shows a gradual trend 
ynward from 134 days in the first pas- ee ______| PERCENT °# TAKES i. 
ve to a low of 31 days in the 12th passage ent fhek dade INCUBATION PERIOD g 
{ to a new low of 18 days in the 16th and - \ and COURSE ff | 
th passages. The violent fluctuation in sf \ 
» curve in the 13th passage requires ex- ok / 
nation. It will be noted that the per- LA 
ntage of takes dropped from 100 per cent ~ rf iw ‘ 7 
the 12th passage to 69 per cent in the 6 [N ‘ 
required for recovery of the general trend. ¢* KG \. 
Also, it will be seen that in the same pas- &* } \ 
sage the incubation period shot up froma 3 * 
low of 31 days to a peak of 99 days, and *” SEO TNOHLATED, BIRDS 


three more passages were required before 
the curve leveled off on a new low of 18 
days. 

For the 13th passage, chicks from a 
strain of White Leghorns that proved to be 
resistant were used owing to inability to 
obtain chicks from our susceptible strain 
of Rhode Island Reds at that time. Of 14 
White Leghorns inoculated in the 13th pas- 
sage only two showed a definitely leucemic 
blood picture, three died of visceral lympho- 
matosis, one of ocular lymphomatosis, and 
one of leucemic visceral and ocular lympho- 
matosis. For serial passage, one of the 
birds having a leucemic blood picture was 
used, 

Pathologic Changes.—Chicks which be- 
came affected with leucosis appeared de- 
pressed and the feathers were ruffled. Oc- 
casionally a bird would drop dead when 
handled or excited and in such cases there 
was usually a severe anemia, the blood ap- 
pearing pale and watery. Birds dying of 
the disease were usually thin, sometimes 
emaciated. The most striking and constant 
pathologic changes were enlargement of the 
liver and spleen and change in color to light 
rel. The kidneys were swollen and either 
pe'er than normal or congested. There were 
fr quently petechial hemorrhages in the in- 
testinal tract, particularly in the duodenum. 
A few petechiae were sometimes seen on 
th base of the heart and a few ecchymoses 
in ‘he skeletal muscles. Occasionally there 
We an increased amount of ascitic fluid, 
an a gelatinous exudate on the liver. Pin- 
polit necrotic foci similar to those de- 


PASSAGE WO. Fig. | 


scribed by Blakemore” were sometimes seen 
in the liver. 

The extent of liver and spleen enlarge- 
ment is best indicated by weights. Pickens! 
reported the normal weights of liver and 
spleen to be, respectively, 2.8 per cent and 
0.25 per cent of the body weight. Body 
weights of 88 of our normal chicks aver- 
aged 196.5 Gm. The liver averaged 3.9 per 
cent and the spleen 0.26 per cent of the 
body weight. In 105 birds dying of eryth- 
roleucosis, the body weights averaged 215.5 
Gm. The liver averaged 10.6 per cent, about 
three times normal, and the spleen 1.7 per 
cent of the body weight, nearly seven times 


ERYTHROLEUCOSIS 
LYMPHOMATOS'S (VISCERAL) 


eS FF B 


PERCENT 


AST INOCULATED BIRDS 
PASSAGE NO. Fig. 2 


*Blakemore, F.: The nature of fowl paralysis 
(neurolymphomatosis). J. Comp. Path. & Therap., 
lii (June 1939), part 2. 

Pickens, E. M.: Rpt. New York State Vet. Coll. 
(1917), p. 226. 
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Fig. 3. Chick 4763, 
inoculated as an |-day 
embryo. Blood smear 
taken four days after 
hatching. Note numer- 
ous hemocytoblasts, and 
mitotic figures (M). 
Eleventh embryo pass- 
age. Wright - Giemsa 
stain (x 200). 


normal. In twelve birds dying of visceral 
lymphomatosis, the body weights averaged 
1,022 Gm. The livers averaged 9.4 per cent 
and the spleens 0.83 per cent of the body 
weights. While the liver to body weight 
ratio was about the same as in erythroleuc- 
osis, the spleen to body weight ratio was 
only about one half of that found in ery- 
throleucosis. 

Microscopically the enlargement of the 
liver and spleen appeared to be due to ex- 
tensive infiltration and stasis of lymphoid 
cells in the hemocytoblastic stage in the 
sinusoids and capillaries together with con- 
siderable capillary hemorrhage. On impres- 
sion smears of the liver, spleen and kidneys 
stained with Wright’s stain, hemocytoblasts 
frequently appear so thick as to almost ob- 
scure other cell types. The ulnar marrow 
is markedly hyperplastic due to excessive 
proliferation of hemocytoblasts. 

Changes in the blood begin to appear in 
one to two weeks. At first only a few poly- 
chromatic and hypochromatic erythrocytes 
and erythroblasts may be noted. Later the 
polychromasia and hypochromia recede and 
hemocytoblasts begin to appear. Still later 
there is a great increase in the number of 
hemocytoblasts, some in various stages of 
mitosis (fig. 3). 

From the beginning, donors for serial 


transmissions were selected on the basis of 
a leucemic blood picture as shown by 
weekly or biweekly blood-smear examina- 
tions (fig. 2). While the first three pas- 
sages showed lymphomatosis (visceral) to 
be predominant, careful selection of donors 
with leucemic tendencies apparently about 
equalized the incidence of the two types 
until the 13th passage when, after passage 
through a strain of resistant White Leg- 
horn chicks in the 12th passage, the leu- 
cemic potentialities became dominant and 
by the 15th passage it became an apparently 
pure hemocytoblastic strain. 

Discussion.—The original donors of the 
leucosis virus, strain A, for the chick serial 
passages and subsequent chick-embryo pas- 
sages were affected with subleucemic neura! 
lymphomatosis. 

While lymphomatosis was most promin- 
ent in the first three passages, leucosis be- 
came more frequent, until by the 15th pas- 
sage lymphomatosis had disappeared and 
only leucosis was apparent. 

At the same time that the character of 
the virus manifestation was changing, the 
incubation period and course were being 
gradually shortened from an average of 1° 
days for the first passage to an average 
18 days in the 16th passage. The percen 
age of takes was increased from 56 per ce! 
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r the first passage to 100 per cent for the 

‘th passage. 

The incubation period and course were 
reduced from a maximum of 225 days in 
the first passage to a minimum of 13 days 

the 16th passage. Donors for passage 

ere selected from those showing the most 
extensive blood dyscrasia, usually a hemo- 

‘toblastosis. 

In all later passages (13th to 17th) an 
xtensive flooding of the blood with hemo- 
cytoblasts almost to the exclusion of other 
primitive cells was the terminal blood pic- 
ture. Thus the disease here described ap- 
pears to be a hemocytoblastic leucosis, an 
earlier stage, according to Johnson,'! than 
erythroleucosis (fig. 4). While it is not 
desired to further confuse the already com- 
plex nomenclature of the fowl-leucosis com- 
plex, hemocytoblastic leucosis more truly 
describes this disease, if one is to name the 
condition after the predominant invasive 
cell, 


CHICK-EMBRYO PASSAGE 


In continuation of the effort to increase 
the potency and to stabilize the virulence of 
our leucosis, strain A, a series of chick- 


Johnson, E. P.: The blood pH of leucotic fowls 
ind the filterability of the leukosis agent. J. Inf. 
. lviii (May-June 1936), pp. 337-348. 


Fig. 4. Blood smear 
taken from chick 4397 
on the I8th day after 
intravenous inoculation. 
Note numerous hemocy- 
toblasts (A) and mi- 
totic figures (B). 
Wright-Giemsa stain 
(approx. x 200). 


embryo inoculations has been carried on, a 
preliminary report of which has been made 
by the authors.!* 

In these studies a total of 1,871 chick 
embryos have been inoculated, 1,692 of 
which were inoculated by the intravenous 
technic described by Eichhorn,'® 41 on the 
chorioallantoic membrane and 138 in the 
yolk sac. 

Over half of the total embryos inoculated 
were serial passages, viz.: 905 first pas- 
sage, 520 second, 284 third, 92 fourth, and 
a few in each succeeding passage on up to 
the 13th. 

Included in this total were 43 embryos 
inoculated with blood from normal chicks, 
the results of which were negative. 

Heparinized blood of chicks infected with 
leucosis, strain A, was used as the inoculum 
except in eight inoculations of which three 
were embryo tissue suspensions, three fil- 
trates of embryo tissues, and two serum of 
leucotic chicks. In one instance ten of 
twelve chicks inoculated with infected em- 
bryo tissues developed leucosis. However, 
chick embryos were not infected by embryo 


2Hall, W. J., Bean, C. W., and Pollard, M.: Pre- 
liminary report on the propagation of the fowl 
leucosis virus on chick embryos by intravenous 
inoculation. J.A.V.M.A., xevii (Sept. 1940), p. 247. 

“Bichhorn, E. A.: A technique for the intra- 
venous inoculation of chick embryos. Sci. (Sept. 
13, 1940). 
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Fig. 5. 


inoculation.) Note hemocytoblasts. 


Blood smear taken from an 18-day chick embryo (seven days after 


Embryo inoculation 292, third passage. 


Wright-Giemsa stain (approx. x 900). 


tissue filtrates, or by serum of chicks in- 
fected with leucosis. The onset of leucosis 
infection in the embryo was indicated by 
the appearance of increasing numbers of 
hemocytoblasts in the peripheral circula- 
tion (fig. 5). Blood from such cases was 
inoculated into susceptible chicks usually 
intracardiacally or intravenously in 
amounts of 0.1 cc. to 0.3 ce. 

Blood from 31 embryos inoculated with 
leucosis, strain A, and showing a _ blood 
dyscrasia!? was inoculated into 97 of our 
susceptible Rhode Island Red chicks and 
into 17 crossbred chicks, while 14 chicks 
were retained as pen contacts. The cross- 
breds proved to be relatively resistant and 
only 18 per cent developed leucosis. Of the 
Rhode Island Reds 44 of 97 (45 per cent) 
developed typical cases of leucosis. The in- 
cubation period and course averaged 37 
days. Only one of the pen contacts and 
none of the controls developed the disease. 


Discussion.—Although inoculations were 
made by three different routes, on the 
chorioallantoic membrane, in the yolk sac 
and intravenously, takes were obtained only 
by the last-mentioned route. 

Passage through embryos appears to 


cause some enhancement of the leucosis 
agent for chicks, since in two instances the 
second chick passage after one passage 
through embryos showed a decrease in the 
incubation period and course. In one inoc- 
ulation five out of nine chicks developed 
leucosis and died in an average period of 
12.4 days, while in another inoculation four 
out of five developed leucosis in an average 
period of 12.5 days, the shortest period be- 
ing nine days. The shortest average period 
from inoculation to death for chick-to-chick 
passage of the virus without embryo pas- 
sage was 18 days, while the shortest in- 
dividual period was 13 days. 

Serial passage of strain A in embryos 
however, did not appear to produce any en- 
richment, as up to the present time only 4 
few second- and third-passage embry< 
show evidence of infection. Continued se- 
rial passages of the virus through chic 
embryos seem difficult to accomplish, whic 
may indicate attenuation rather than en- 
hancement of the infective agent. 


SUMMARY AND CONCLUSIONS 


A field strain of neural lymphomatosi 
with leucemic tendencies after 17 seria 
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assages through young chicks became an 
pparently pure leucosis type (known as 
train A). This change was accompanied 
y a marked reduction in the incubation 
eriod as well as by an increase in the per- 
entage of takes. 

Some evidence is presented which could 
ndicate that leucosis (strain A) is filtrable. 


Leucosis, strain A, infected chick em- 


bryos only when inoculated intravenously. 

The disease was transmitted through 
chick embryos to chicks by either tissue 
suspensions or blood. 

Some evidence is furnished that passage 
through chick embryos caused some enrich- 
ment of the virus on further serial passage 
in chicks. 

Difficulty was experienced in serial pas- 
sage of the virus through chick embryos. 


Isolation of Listeria (Listerella) from the Chicken” 


R. H. HURT, B.S., D.V.M., NORMAN D. LEVINE,} Ph.D., and 
ROBERT GRAHAM, B.S., D.V.M. 


Urbana, 


BACTERIA OF THE genus Listeriat cause 
disease in a number of species of domestic 
animals. The literature on listeriosis in 
these animals and man has been reviewed 
by Graham, Hester and Levine? and Gra- 
ham, Dunlap and Levine.® Listeria was 
first isolated from chickens by TenBroeck 
in New Jersey, and the bacteria which he 
isolated were studied by Seastone.® This 
is the only outbreak of listeriosis in fowls 
which has been reported to date in Amer- 


ica.§ A number of outbreaks, however, 


*From the Division of Animal Pathology and 
Hygiene, University of Illinois. 

+Assigned by the Illinois State Department of 
\griculture to assist in diagnosis and research. 
tThe name Listerella was given to this genus by 
iriel in 1927, but he changed it to Listeria? in 1940 
fter Becker® had pointed out, in 1939, that this 
ime was already assigned to a slime mould. 
sAfter this manuscript was submitted, a report 

the presence of Listeria in chickens (Cole, R. K.: 
oultry Sci., xx (1940), pp. 28-31) came to the 
ttention of the authors. 

‘Pirie, J. H. H.: A new disease of veld rodents. 
Tiger River disease.” Pub. South African Inst. 
ed. Res., iii (1927), pp. 163-186. 

*Tbid. : The genus Listerella Pirie. Sci. xci 
940), p. 383. 

Becker, E. R.: Duplication of generic names 
nong Protista. Proc. 3rd Int. Cong. Microbiol. 
939). 

‘Graham, R., Hester, H. R., and Levine, N. D.: 
udies on Listerella. II. Field outbreaks of lister- 

sis in sheep and cattle. Cornell Vet., xxx 

140), pp. 97-111. 

Graham, R., Dunlap, G. L., and Levine, N. D.: 

idies on Listerella. III. Experimental listerel- 

is in domestic animals. Cornell Vet., xxx (1940), 

268-290. 

Seastone, C. V.: Pathogenic organisms of the 
g nus Listerella. J. Exp. Med., Ixii (1935), pp. 
20 3-212, 


have been recorded in England. Paterson? 
found Listeria associated with death losses 
in four flocks of chickens in England, and 
later® observed it in two other flocks. He 
stated that Watkins had found this organ- 
ism in twelve chickens from a number of 
flocks in that country. 

The disease in chickens is a septicemia 
which may be characterized by massive 
necrosis of the myocardium, pericarditis, 
generalized edema, or necrotic foci in the 
liver. An increased percentage of mono- 
cytes may be present in the blood. 

On November 2, 1940, a dead White Leg- 
horn pullet was submitted to the Labora- 
tory of Animal Pathology and Hygiene for 
diagnosis. A large amount of thick mucus 
was found in the sinuses, and the organs 
appeared congested, although this appear- 
ance may have been simulated by postmor- 
tem decomposition. Heart blood, liver and 
spleen were cultured on blood agar, and a 
Gram-positive, hemolytic rod was isolated 
from the spleen. Upon further study this 
organism was found to be Listeria. Its 
biochemic reactions were similar to those 
of other members of the single species so 
far described, Listeria monocytogenes. 


7Paterson, J. S.: Listerella infection in fowls. 
Preliminary note on its occurrence in East Anglia. 
Vet. Rec., xlix (1937), p. 49. 

8]bid.: The present position regarding Listerella 
monocytogenes infection in man and animals. Vet. 
Rec., li (1939), pp. 873-876. 
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Agglutination tests showed that it fell into 
Julianelle’s® type II (the so-called ruminant 
type). When the organism was introduced 
onto the conjunctiva of a rabbit and a 
guinea pig, conjunctivitis and _ keratitis 
developed in both animals. 

The bird came from a flock of 300 White 
Leghorn pullets about 714% months old.* 
Coryza had appeared in the flock when the 
birds were 3 months old and approxi- 
mately one half of the birds died before 
specimens were submitted to the laboratory 
for examination. At the time of our exam- 
ination the chickens were dying at the rate 
of about 15 a week. Three other flocks of 
chickens from the same original source as 
this flock, but on other farms, were in good 
condition. 

Six more live pullets were obtained from 
this flock. Three of these had coryza; 
Ascaridia and tapeworms (mostly Raillie- 
tina) were present in five in more or less 
abundance; severe intestinal coccidiosis 
was observed in two and coccidia were 
found in two others; and one had iritis. 
The intestinal mucosae of all the birds were 
congested and inflamed. Cultures were 
made on blood agar of the heart blood, liver 
and spleen of all birds and of the brains 
of three in meat mash. All cultures were 
negative to Listeria or other bacteria. 


*Mr. G. C. Cunningham of Martinsville, Il, 


furnished the history of this flock. 
*Julianelle, L. A.: 
infection. 


The function of Listerella in 
Ann. Int. Med., xiv (1940), pp. 608-620. 


In view of these findings it is probable 
that the Listeria which was isolated may 
have been a secondary invader in a bird 
whose resistance had been diminished by 
other diseases. The presence of coryza, 
coccidiosis and helminth parasitism in the 
flock and of coryza in this particular bird 
supports this belief. Paterson, too, has 
observed concomitant diseases in flocks 
from which Listeria was isolated. He 
found pullorum disease and heavy tape- 
worm infestation in one flock, and neuro- 
lymphomatosis in another. The source of 
the Listeria found in our case could not 
be determined. 

The incidence and severity of listeriosis 
in fowls have not yet been well elucidated. 
The present note constitutes only the sec- 
ond report of the isolation of Listeria from 
the chicken in America, but it is probable 
that the disease will be recognized more 
often in the future and its significance 
gauged more accurately than is possible at 
present. 


SUMMARY 


The isolation of the bacterium Listeria is 
reported from one of seven chickens in an 
Illinois flock. Coryza, coccidiosis, iritis and 
roundworm and tapeworm infestations also 
were found in the flock, and it is suggested 
that in this case the Listeria infection may 
have been secondary in nature. 
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The Response of the Gonads of Chick Embryos to Gonadogen™ 


W. G. VENZKE, D.V.M., M.S. 


Ames, Iowa 


THE DISCOVERY of the gonadotropic hor- 
mone in the blood stream of mares early in 

egnancy by Cole and Hart! and the com- 
parisons made by Evans, Meyer and Simp- 
son? established the high potency of this 
substance. The work of these authors also 
established the fact that this substance, 
as measured by its effect upon the rat, is 
the most potent of gonad stimulants. 


REVIEW OF LITERATURE 


The gonadotropic effect of pregnant mare’s 
serum on the immature fowl also has been 
studied. Hamburger® was able to induce pre- 
cocious development of immature male fowls. 
Confirmation of these observations was made 
by Evans and Simpson,‘ who obtained positive 
esponses in weights of testes and ovaries of 
mmature pigeons. These authors considered 
pregnant mare’s serum less potent on the 
pigeon testes, in terms of rat units, than was 
an anterior lobe pituitary extract. The response 
of the pigeon ovary to pregnant mare’s serum 
was found to be slight, even in large doses. 

Lahr, Riddle and Bates® induced testicular 
crowth in doves with pregnant mare’s serum 
similar to that produced by the pituitary fol- 
licle-stimulating hormone. The _ differential 
action of pregnant mare’s serum and anterior 
lobe extracts has been reported by Martins,° 


*From the Department of Veterinary Anatomy, 
lowa State College. Part of the gonadogen used 

this study was furnished by The Upjohn Com- 

ny, Kalamazoo, Mich., through the courtesy of 
George F. Cartland. 

Cole, H. H., and Hart, G. H.: The potency of 
blood serum of mares in progressive stages of preg- 
ney in effecting the sexual maturity of the 
nature rat. Am. J. Physiol., xciii (1930), pp. 
68, 

Evans, H. M., Meyer, K., and Simpson, M. E.: 
growth and gonad-stimulating hormones of the 
erior hypophysis. Memoirs, Univ. California, xi 
33), pp. 67, 83, 129. 
Hamburger, C.: Untersuchungen iiber’ die 
adotropen Hormone bei der graviden Stute. 
iokrinol., xiii (1934), pp. 305-311. 
tvans, H. M., and Simpson, M. E.: Response 
onads of immature pigeons to various gonado- 
tr oie hormones. Anat. Ree, Ix (1934), pp. 
$21, 

ahr, E. L., Riddle, O., and Bates, R. W.: 
I ‘ts of prolactin and follicle stimulating hor- 
» on the adult dove testis. Am. J. Physiol., 
(1935), p. 84. 
artins, T.: Developpement prococe des carac- 
secuels chez des Gallinaces traites par des 


who found in the fowl that pregnant mare’s 
serum is more like anterior lobe extract in 
producing a gonadotropic effect. 

The results of Amundson and Wolfe’ showed 
that pregnant mare’s serum induces precocious 
sexual development up to a certain point. They 
also observed a marked increase in the size of 
the testes and a smaller but definite increase in 
the size of the ovary. Uhl, Engelbreth-Holm 
and Rothe-Meyer® were able to stimulate the 
gonads of male or female fowls with an extract 
of the serum of pregnant mares. Zavadoysky 
and his colleagues® injected 50-day-old cockerels 
with 50 to 200 mouse-units of the hormone for 
20 to 40 days and produced marked comb 
growth, testicular hypertrophy and some sper- 
matogenesis. They also injected immature 
females and observed moderate hypertrophy of 
the ovary without ovulation, marked growth of 
the oviduct and head furnishings typical of the 
female. 

The results obtained with pregnant 
mare’s serum on immature male and female 
fowls stimulated interest to investigate the 
effect of gonadogen on the gonads of 
developing chick embryos. At the same 
time it was hoped that data might be 
obtained for comparison with the results 
of Domm and Dennis,'® who studied the 
effect of pituitary hebin on the reproduc- 
tive system of the chick embryo. 


MATERIAL AND METHODS 


A total of 324 single-comb White Leghorn 
eggs were treated, from which 87 living em- 


substances gonado-stimulantes du serum gavidique 
equin. Compt. Rend. Soc. Biol., exvii (1934), p. 
1255. 

7Amundson, V. S., and Wolfe, M. J.: Effect of 
pregnant mare’s serum on the immature fowl. 
Proc. Soc. Exp. Biol. & Med., xxxii (1935), pp. 
1107-1109, 

SUhl, E., Engelbreth-Holm, J., and Rothe-Meyer, 
A.% Uber die Wirkung gonadotropen Hormons 
(Antex Leo) auf das Kammwachstum bei Hennen. 
Endokrinol., xviii (1937), pp. 242-250. 

*Zavadovsky, B. M., Nesmeyanova-Zavadovskaya, 
E. G., Romanovskaya, E. A., Rosen, E. P., and 
Ivanova, L. A.: The effect of prolonged injections 
of blood-serum of pregnant mares upon the devel- 
opment of endocrine and reproductive functions of 
sexual glands of young cocks. Bul. Biol. Med. 
Exp., USSR, iv (1937), pp. 19-22. 

“Domm, L. F., and Dennis, E. A.: Effect of 
pituitary hebin upon reproductive system of the 
chick embryo. Proc. Soc. Exp. Biol. & Med., xxxvi 
(1937), pp. 766-769. 
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bryos were recovered, 38 males and 49 females. 
The control embryos consisted of ten males and 
ten females. 

The incubating eggs received single and re- 
peated injections of gonadogen. The age of 
the incubating egg at the time of injection 
determined whether the hormone was injected 


wee 


Photomicrographs by S. H. MeNutt. 


1) Left ovary of a normal 20-day-old chick embryo. 
The photomicrograph presents a regular and con- 
tinuous cortical layer. The medulla contains medul- 
lary cords and a few distended medullary cords 
(x 133). 

Left ovary of a normal 20-day-old chick embryo 
(x 66). 

Left ovary of a 20-day-old chick embryo which 
received 25 rat units of gonadogen in five doses 
from the 14th to the 18th day of incubation. The 
illustration shows a narrow, irregular, discontinuous 
cortical layer. Where the cortex is not continuous, 
the medulla pushes to the surface. A marked 
hyperplasia of the medulla exists. Distention of 
the medullary cords also is shown (x 133). 

Left ovary of a 20-day-old chick embryo which 
reecived 25 rat units of gonadogen in five doses 
from the I4th to the 8th day of incubation (x 66). 


into the albumen or into the cavity formed by 
the allantoic membranes. In the older em. 
bryos the injections were made directly into 
the body. The volume of hormone injected 
into one egg varied from 0.5 to 1.0 cc. and the 
dosage from 5 to 30 rat units. Daily injections 
varied from one to 20 in number and were 
made at varying ages. The earliest injections 
began at 48 hours. The most striking results 
were obtained when the injections began on 
the 14th day and continued daily to the 18th 
day. In every case development was allowed 
to continue until the 20th day, when the em- 
bryos were taken from the shell and autopsied, 
The gonads were measured length-by-the-width 
and fixed in Bouin and Zenker-formol solu- 
tions. 


RESULTS 

Gross Observations.—The mortality of 
the embryos increased with increasing 
number of injections and with increase in 
the total volume injected. A reasonable 
percentage of embryos survived on total 
volumes of 1 cc.; no embryos survived 
which received more than 1 cc. of hormone. 
A larger percentage of embryos survived 
when injections began on the 14th day of 
incubation. The sex ratio of the treated 
embryos revealed that the females were 13 
per cent in excess of the males. 

Upon autopsy the treated male embryos 
were found to possess testes strikingly 
increased in size. The vascular supply to 
the testes appeared to be augmented. Rela- 
tively the growth in size of the testes was 
more pronounced than that of the ovaries 
on the same dosage level. In embryos 
injected with 25 rat units of gonadogen 
from the 14th to the 18th day, the testes 
measured on the average 6 x 2 mm. while 
the control testes measured 4 x 1 mm. 

Observation of the results on the treated 
females showed that the left ovaries had 
responded by increases in size. The degree 
of hypertrophy was variable, but pro- 
nounced in those females which received 
25 rat units of gonadogen from the 1th 
to the 18th day. The periphery of ‘he 
ovary was usually markedly congested with 
blood. In those embryos receiving 25 rat 
units of gonadogen from the 14th to ‘he 
18th day, the left ovaries measured on ‘he 
average 7 x 3 mm. while the controls meas- 
ured 4 x 2 mm. The rudimentary risht 
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gonads presented little growth in size, 
raging 4 x 1.5 mm. as compared with 

- 1 mm. for the controls. 

rrossly the mesonephros, wolffian and 
mullerian ducts of the treated embryos 
showed hypertrophy. Likewise no 
response could be detected in the head fur- 
nishings of either sex. 

Vicroscopic Studies.—Histologically the 
results in both sexes were striking and of 
considerable interest. In both the treated 
and untreated males the cells of the devel- 
oping seminiferous cords were of two 
kinds, supporting or epithelial cells, and 
germ cells. The epithelial cells predomi- 
nated in number. Both the epithelial and 
germ cells were in contact with the base- 
ment membrane of the seminiferous cord. 
The epithelial cells were without cell bor- 
ders, but from each nucleus a strand of 
cytoplasm extended into the central axis of 
the cord, where many of these cytoplasmic 
strands coalesced. In some of the cords a 
lumen was present in the central axis, 
transforming the cord into a tubule. The 
number of cords containing a lumen was 
greater in the treated (fig. 7) than the con- 
trol males (figs. 5, 6). 

The treated testes revealed a hyperplasia 
of the intertubular tissue (figs. 7, 8). The 
abundant cytoplasm was highly granular 
and contained, especially in the peripheral 
part of the cell, conspicuous lipoid globules. 
This observation was not as marked in the 
control testes. The cells of the intertubular 
tissue of the treated testes, therefore, 
appeared more or less vacuolated as com- 
pared with the controls. In general the 
cells contained a single, nearly round vesi- 
cular nucleus, but occasionally it was elon- 
gated. As a whole the testicular inter- 
tubular tissue of the treated males appeared 
firm and compact while that of the controls 
was loosely arranged. 

istologically the cells lining the wolffian 
duc's of the treated males appeared to be 
sligatly increased in size as compared with 
the controls. 

Tne left ovary of the treated females 
sho ed a low, irregular and often discon- 
tinuous cortical layer. Wherever the cor- 
tica’ layer was not complete, the medullary 


portion of the ovary pushed to the surface 
(fig. 4). The left ovary of the control 
females presented a wide, regular, con- 
tinuous cortical layer and a small amount 
of medullary tissue (figs. 1, 2). 

The medullary portion of the treated 
ovaries was characterized by hyperplasia. 
The medulla consisted of numerous greatly 
distended medullary tubules, and medullary 
cords (figs. 3, 4). 

The rudimentary right gonads of the 


—Photomicrographs by S. H. McNutt 


5) Testis of a normal 20-day-old chick embryo, show- 
ing many seminiferous cords, a few seminiferous 
tubules and a small amount of loosely arranged 
intertubular tissue (x 66). 


6) Testis of a normal 20-day-old chick embryo (x 133). 


7) Testis of a 20-day-old chick embryo which received 
25 rat units of gonadogen in five doses from the 
14th to the !8th day of incubation, showing a 
few seminiferous tubules and a marked hyperplasia 
of the intertubular tissue (x 66). 

Testis of a 20-day-old chick embryo which re- 
ceived 25 rat units of gonadogen in five doses 
from the I4th to the I8th day of incubation 
(x 133). 
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treated and control females were composed 
of compact medullary cords. Some of the 
treated gonads exhibited a slight hyper- 
plasia with medullary tubules. Very few 
cases presented cortical tissue on the sur- 
face. 

Examination of the mullerian ducts 
showed that those of the treated females 
hypertrophied slightly. Also slight hyper- 
trophy of the lining cells of the meso- 
nephric tubules occurred in both the treated 
males and females. 


DISCUSSION 


Domm and Dennis!’ have reported that 
injections of pituitary hebin into chick 
embryos resulted in growth in size of the 
gonads of both sexes. In this study it also 
was found that the gonads of chick embryos 
responded by increases in size as a result 
of injections of gonadogen. Domm and 
Dennis found in the male that while the 
testes responded by growth in size, they 
did not respond as frequently, or rarely 
to the same degree, as did the ovary. The 
results obtained with gonadogen are some- 
what in contrast to this observation as the 


testes responded more strikingly and just 

as frequently as did the ovaries. 
Histologically this study shows that the 

treated testes responded by a hyperplasia 


of the intertubular tissue. The results of 
Domm and Dennis indicate that pituitary 
hebin produces only a hypertrophy of the 
testicular interstitial tissue. 

The histologic results obtained would 
indicate that the response of the experi- 


mental left ovary to gonadogen is com- 
parable with that received by Domm and 
Dennis with pituitary hebin. 

The rudimentary right gonad of the 
female did not respond as strikingly to 
gonadogen as it did to the pituitary hebin 
injections administered by the above-men- 
tioned investigators. 

The mullerian and wolffian ducts did not 
respond as significantly as the gonads, 
Histologically a slight hypertrophy could 
be observed in the lining cells. The lining 
cells of the mesonephric tubules also hyper- 
trophied in the treated embryos. No re- 
sponse in the head furnishings of either 
sex occurred. Just why the sexual ducts 
and head furnishings do not respond when 
the gonads undergo such marked changes 
is a question without explanation. Appar- 
ently the testicular intertubular tissue and 
the ovarian medulla are not yet capable of 
hormone production. 


SUMMARY AND CONCLUSIONS 


Injections of gonadogen into chick 
embryos resulted in increases in size of 
the gonads of both sexes. Histologic exam- 
ination revealed a hyperplasia of the 
testicular intertubular tissue and_ the 
ovarian medulla. A slight hypertrophy of 
the lining cells of the mullerian and wolffian 
ducts occurred. Also, a slight hypertrophy 
of the lining cells of the mesonephric 
tubules occurred in both sexes. No re- 
sponse of the head furnishings could be 
observed in either sex. 
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Paratyphoid Infection of Turkeys” 


B. S. POMEROY, D.V.M., M.S., and R. FENSTERMACHER, D.V.M. 
St. Paul, Minn. 


PARATYPHOID INFECTION of turkeys has 
become increasingly important in recent 
years. An examination of the records com- 
piled at the diagnosis laboratory of Univer- 
sity Farm during the past few years reveals 
a marked annual increase in the incidence 
of this disease among turkey poults sub- 
mitted for examination. This infection 
and pullorum disease are of considerable 
economic importance. Unless suitable con- 
trol measures are developed, the turkey 
industry may suffer to the extent that rear- 
ing these birds will be unprofitable. 

The magnitude of the problem is further 
indicated by the fact that during the spring 
of 1939, thousands of day-old poults were 
injected with paratyphoid bacterin by 
hatcherymen with the hope of controlling 
the disease. 

Rettger, Plastridge, and Cameron! in 
1933 were the first to describe the occur- 
rence of Salmonella typhi-murium infection 
in baby poults. Lee, Holm, and Murray? 
in 1936 reported the occurrence of the dis- 
ease on several farms in Iowa and Minne- 
Their studies indicated that adult 
turkeys may be carriers of the disease. 
Cherrington, Gildow, and Moore,*® and 
Pomeroy and Fenstermacher* have pre- 
sented additional information that shows 
the life cycle of S. typhi-murium to be 
similar to the organism of pullorum disease 
in chickens. 


sota. 


Paper No. 1837, scientific journal series, Minne- 
. Agricultural Experiment Station; contribution 
i the Division of Veterinary Medicine. Pre- 
sevted before the Section on Poultry at the 77th 
anual meeting of the American Veterinary Medical 
Association, Washington, D. C., August 26-30, 1940. 
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xciv 


Through the codperation of P. R. Ed- 
wards and D. W. Bruner,” who have given 
us excellent assistance and have examined 
Salmonella cultures isolated from poults 
and chicks, the organisms have been typed 
and _ identified. Unfortunately, cultures 
from all outbreaks were not available for 
examination. Edwards,® during the World’s 
Poultry Congress in 1939, reported the 
results of serologic examinations of Salmon- 
ella cultures from several sources. At that 
time he had examined 81 cultures from 
31 outbreaks involving turkeys, and the 
following types were found: S. typhi- 
murium, S. anatum, S. newington, S. senf- 
tenberg, S. derby, S. bareilly, S. newport, 
S. montevideo, S. bredeney, S. worthington 
and S. minnesota. 

During the past five years 136 cultures 
that had been isolated from poults origi- 
nating from 44 farms were available for 
serologic study. The problem of paraty- 
phoid infection is complex and sometimes 
confusing. For example, in 1939, poults 
from 22 farms were examined. From one 
farm which had obtained 12,000 poults 
from several sources over a period of three 
months, S. pullorum, S. typhi-murium, S. 
derby, S. give, S. oranienburg, S. senften- 
berg and S. anatum were isolated, and from 
the same place in previous years other 
Salmonella types had been isolated, namely, 
S. worthington, S. bareilly and S. enteri- 
tidis. From another farm, which received 
poults from one hatchery, cultures of S. 
pullorum, S. chester, S. derby, S. anatum 
and S. oranienburg were isolated. Out of 
the 22 outbreaks available for study, only 
seven were attributed to only one Salmon- 
ella type, and S. pullorum was encountered 
in eleven of the outbreaks. 

To make the problem still more compli- 


SEdwards, P. R., 
communications. 

®*Edwards, P. R.: 
in fowls in the United States. 


and Bruner, D. W.: Personal 
Incidence of Salmonella types 


Proc. 7th World's 


Poultry Cong. (1939), pp. 271-274. 
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cated, Edwards and Bruner®? on one occa- 
sion isolated three Salmonella types from 
one culture submitted by us. Two of these 
were heretofore undescribed types which 
have been named S. litchfield and S. saint 
paul. S. anatum was also present in this 
culture, and from this group of poults S. 
pullorum was also isolated. These poults 
originated from a hatchery that was vacci- 
nating day-old poults with a so-called para- 
typhoid bacterin. In another culture from 
a different outbreak two Salmonella types 
were present, S. anatum and S. derby. 
During the past five years, besides S. pul- 
lorum and Shigella gallinarum, 20 Salmon- 
ella types have been isolated from turkey 
poults. The results are given in table I. 

Schalm,® while studying an outbreak of 
paratyphoid infection in chicks, demon- 
strated that S. typhi-murium in fecal mate- 
rial smeared on the outside of the egg was 
capable of penetrating the shell and multi- 
plying within the egg. These results 
suggested a possible method of introducing 
paratyphoid organisms into an incubator 
by means of contaminated eggs, with con- 
sequent infection of chicks and _ poults 
hatched therein. Graham® found that 
when S. typhi-murium was introduced into 
chicken eggs, the hatchability was seriously 
impaired. Embryonic development did not 
occur. 


PROCEDURE 


Two groups of turkeys, each consisting of ten 
hens and a tom, were placed in separate pens. 
These birds were all negative to serologic tests 
with S. pullorum and 8. typhi-murium antigens. 
Eggs produced by these birds were used in the 
experiment. The toms were rotated at weekly 
intervals. A Buckeye incubator No. 1350-39 
was used for incubating the eggs and they were 
placed in the incubator at weekly intervals for 
a period of six weeks. Sterile turkey feces, 5 
Gm., were inoculated with 5 cc. of 24-hour beef- 
infusion-broth culture of S. typhi-murium. The 
mixture of feces and organisms was smeared 

7Edwards, P. R., and Bruner, D. W.: The occur- 
rence of multiple types of paratyphoid bacilli in 
infections of fowls, with special reference to two 
new Salmonella species. J. Inf. Dis., Ixvi (May- 
June 1940), pp. 218-221. 

SSchalm, O. W.: Study of a paratyphoid infection 
in chicks. J. Inf. Dis., lxi (Sept.-Oct. 1937), pp. 
208-216. 

*Graham, R., and Michael, Viola M.: Studies on 
incubator hygiene V. Poultry Sci., xv (Jan. 1936), 
pp. 83-87. 


lightly on one third of the surface of each egz, 
The eggs were candled at regular intervals, 
Some of the infertile eggs and eggs containing 
dead embryos were removed at the end of 14 
days of incubation, while others were removed 
at the end of 21 and 28 days of incubation. The 
poults as soon as hatched were placed on hard- 
ware wire in a brooder room where the temper- 
ature was maintained at 95 F. The eggs that 
failed to hatch and the internal organs of the 
poults that died were examined bacteriologic- 
ally. The unhatched eggs were treated with 
1:500 aqueous solution of bichloride of mer- 
cury for 15 minutes or more and then opened 
aseptically. The content of the _ infertile 
eggs and eggs containing embryos 1 and 2 
weeks old were introduced into Erlenmeyer 
flasks containing 100 ce. of  beef-infusion 
broth. The flasks were incubated at 37.5 C. 
for 72 hours and then endo agar plates were 
inoculated. Suspected colonies of S. typhi- 
murium were isolated on 2.5 per cent beef-infu- 
sion-peptone agar, enriched with 5 per cent 
sterile horse serum. Dextrose, lactose, su- 
crose, mannite and maltose were used in the 
identification of the organisms. The liver and 
yolk sac of the dead-in-the-shell poults and em- 
bryos too large to be introduced into the flasks 
were cultured on serum agar. 

From pen I, 171 eggs were incubated and 15 
eggs hatched. Fifty-one eggs were infertile, 
and S. typhi-murium was isolated from three 
eggs, or 5.87 per cent. There were 36 eggs 
which contained embryos having succumbed at 
the end of the second week of incubation, and 
S. typhi-murium was recovered from six em- 
bryos, or 16.66 per cent. From the 41 eggs 
which contained dead embryos at the end of 
the third week of incubation, S. typhi-murium 
was isolated from seven, or 15.4 per cent. Nine, 
or 32.14 per cent, of the 28 eggs which contained 
poults that failed to hatch harbored S. typhi- 
murium. Fifteen poults hatched and eleven of 
these died within 24 to 48 hours after removal 
from the incubator. S. typhi-murium was re- 
covered from the heart blood, liver and yolk 
sac of all of these poults. One crippled bird 
was destroyed on the third day; the interna 
organs were cultured and found sterile. Thi 
poults survived. 

From pen II, 116 eggs were incubated an 
eight poults were hatched. There were 56 
fertile eggs, and two of this number, or 3.5 
per cent, contained 8S. typhi-murium. The 
were 18 eggs which were found to contain dé 
embryos at the end of the second week of 
cubation. S. typhi-murium was recovered fri 
five, or 27.7 per cent, of the embryos. Ninete 
eggs contained dead embryos at the end of te 
third week of incubation. Five of this grov! 
or 26.3 per cent, contained S. typhi-muriu 
There were 15 eggs which contained poults tl 
failed to hatch, and S. typhi-murium was i-0- 
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ed from seven, or 46.66 per cent. The eight 
ults that hatched died within 24 to 48 hours 
er their removal from the incubator, and S. 
jhi-murium was isolated from the heart blood, 
er and yolk sac of each bird. 


ESULTS OF INOCULATING 14-DAY-OLD 
MBRYOS WITH S. TYPHI-MURIUM 


The eggs were secured from a third pen 

turkeys. After 14 to 16 days of incu- 

ation, the eggs were candled and the in- 
fertile and those containing dead embryos 
vere discarded. Because of low egg pro- 
luction this part of the experiment was 
repeated three times. The large end of the 
egg was washed with alcohol, and a small 
hole was drilled in the shell with a dental 
instrument. Each egg received 0.01 cc. of 
a saline suspension of S. typhi-murium in 
the air cell. The control eggs were inocu- 
lated with 0.01 cc. of sterile saline. 

The first group of eggs was set March 
21, 1939, and was candled April 6, 1939. 
Five served as controls, and 16 were in- 
oculated with S. typhi-murium on April 7, 
1939. The eggs that received the bacterial 
suspension were candled on the 20th, 22nd, 
24th and 26th days of incubation. On the 


TABLE |—Distribution of Salmonella Types Recovered 
from Turkey Poults Originating from 44 Farms* 


NUMBER OF | NUMBER OF 


TYPE CULTURES FLocks 
EXAMINED INVOLVED 
S. typhi-murium | 82 23 
S. derby 11 6 
S. anatum 8 8 
S. give 5 5 
S. newington 5 2 
S. bredeney 3 3 
S. bareilly 3 1 
S. senftenberg 2 1 
S. worthington 1 | l 
S. minnesota 2 2 
S. enteritidis 1 l 
S. newport 1 ] 
S. oranienburg 3 | 2 
S. wichita 1 1 
S. eastbourne 2 2 
S. chester 1 1 
S. litchfield 1 1 
S. meleagridis 2 1 
S. saint paul I | 
S. montevideo 1 1 


*In numerous instances two or more types of 
Salmonella were recovered from individual flocks, 


20th day five embryos were dead. On the 
22nd day nine additional embryos had died. 
One egg contained a poult that failed to 
hatch. One poult hatched on the 29th day. 


TABLE Il—Results of Bacteriologic Examination of the Egos After Being Smeared with Feces Containing Viable 
S. Typhi-Murium Organisms; Infertile Eggs and Dead Embryos Were Examined Bacteriologically on the Days 
Indicated, Irrespective of the Time When Such Determinations Were Made 


| 


| No. oF | 
| 


| PERCENTAGE 


Gram Ty INFECTFD 
PEN I AND | StreriLe |E. Cont) Micrococct | 
| Empryos | Rops | Murrum TyYPut- 
| EXAMINED | Murtum 
infertile eggs: 51 | 
14 days 27 23 | | 2 
21 days 20 1 1 
28 days 4 4 | 5.87 
| 
. embryos dead at 
nd of 2nd week: 36 
14 days 20 13 1 | i 1 4 
21 days 14 10 | 3 1 
28 days 2 1 1 16.66 
No. embryos dead at 
nd of 3rd week: 41 | 
21 days 15 9 1 2 3 20.0 
28 days 26 20 2 4 15.4 
term 
Incubation 28 days 28 12 3 | 2 2 9 32.14 
156 106 6 | 10 9 16.0% 
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TABLE Il|—This Tabulation Contains Data Similar to Table II, with the Exception That the Eggs Were Obtained 
from the Second Group of Hens; Data in Both Tables Were Obtained Simultaneously 


| 

No. OF 
EGGS AND | STERILE 
EMBRYOS 
EXAMINED | 


PEN II 


No. infertile eggs: 56 
14 days 26 
21 days 21 
28 days 


No. embryos dead at 
end of 2nd week: 18 
14 days 
21 days 
28 days 


No. embryos dead at 
end of 3rd week: 19 

21 days 

28 days 


F ull term 
Inc cube ition 28 da: ays 


Total 


S. typhi-murium 
liver 


The poult was destroyed. 
was recovered from the heart blood, 
and yolk sac in each instance. 

On the 20th day of incubation one of the 
eggs which had been inoculated with the 
sterile saline solution contained a dead em- 
bryo, and three dead-in-the-shell poults 
were found on the 29th day. One egg 
hatched and the poult survived. 

The eggs that failed to hatch were ex- 
amined bacteriologically. S. typhi-murium 
was isolated from the liver, yolk sac and 
air-cell membrane from all eggs in the in- 
oculated group, while the control eggs were 
found sterile. 

The second group of eggs was set April 
25. Five were used as controls and 18 were 
inoculated with S. typhi-murium. The eggs 
were candled on the 16th, 20th, 22nd, 24th, 
26th and 29th days. On the 16th day only 
one embryo was dead while on the 20th 
three more were dead. On the 22nd day 
one additional embryo had died; on the 
24th two more had died; on the 26th three 
more embryos had died; and on the 29th 
two poults hatched and six eggs contained 
dead poults. One of the poults from the 
inoculated group of eggs lived until June 
11 and died. S. typhi-murium was recov- 


| | Gram |_ 5. 


| 


PERCENTAGE 
INFECTED 
WITH 
S. Typur- 
Mourivum 


Micro- | 
coccl 


| Pos. 
| Rops 


| LD 


IUM | 


17.6% 


ered from the liver only. At the time of 
hatching, the organism was recovered from 
the egg shell. The second poult died the 
next day after hatching. S. typhi-murium 
was isolated from the heart blood, liver, 
yolk and duodenum, but not from the bone 
marrow of the femur. It was recovered 
from the liver, yolk sac and air-cell mem- 
brane of all embryos that failed to hatch 
in the inoculated group. Three of the five 
control eggs hatched, and two contained 
dead poults. The latter were sterile. The 
control poults survived. 

The third group of eggs was set May 9 
and was candled on May 24. Five served 
as controls and 11 were inoculated with S. 
typhi-murium. The eggs were then candied 
on the 16th, 18th, 20th, 22nd, 24th, 25th 
and 27th days. On the 16th day all em- 
bryos were alive, and two days later one 
had died; on the 20th day three more h: 
died. No additional embryos were dead 
the 22nd and 24th days; the following « 
four more embryos were dead; and on ¢! 
27th day one poult hatched and two pov 
pipped the shell and died. Three of 
control eggs hatched and two eggs cu! 
tained dead poults which were found ster ile 
upon bacteriologic examination. The pout 


| 

| 

E. 

6 | ig 

| | | | | 

| | | | 3 

| | 2 | a 
14 9 

2 2 | | 27.77 : 

| | 

| 15 6 7 46 . 66 r 
108 | 4 5 19 
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ym the inoculated group died the next 
iy, and S. typhi-murium was recovered 
ym the heart blood, liver, yolk sac, duo- 
num and bone marrow of the femur. The 
ganism also was recovered from the egg 
On March 21, eggs were set from an- 
ther pen and were used as checks on the 
oculated and control eggs. On April 6, 
> eggs had living embryos. The eggs were 
‘andled at the same time as the control 
a inoculated eggs. Five of the 15 eggs 

,atched, and five eggs contained poults that 
mer to hatch. The eggs which failed to 
hatch were examined bacteriologically and 
were found sterile. The complete results 
are shown in table IV. 


FURTHER EXPERIMENTS WITH EGGS 
PURCHASED FROM A PRIVATELY 
OWNED FLOCK 


The effect of S. typhi-murium on em- 
bryonic development and hatchability of 
turkey eggs has been studied. Two sets of 
eggs were secured from a flock of turkeys 
that had been tested by the tube method 
(1:25 dil.) with S. pullorum and S. typhi- 
murium antigens. This flock consisted of 
approximately 1,000 birds and the birds 
had been housed since the first part of 
December. The flock was in full production 
by the last of January. The first set of 100 
eggs was received March 22 and the second 
set on May 8. Each set was divided into 


three groups. The large end of the egg 
was washed with alcohol and a small hole 
was introduced in the shell with a dental 
drill. The opening was closed with a small 
piece of cellulose tape. The same incubator 
was used for the incubation of the two 
sets of eggs. Fifty eggs were inoculated 
in the air cell with 0.03 cc. of saline sus- 
pension of 24-hour culture of S. typhi- 
murium. Twenty-five eggs were inoculated 
in the air cell with 0.03 cc. of a sterile 
saline solution and 25 eggs served as con- 
trols. The eggs were candled on the 13th, 
17th, 20th and 24th days of incubation. The 
infertile eggs and eggs that failed to 
hatch were examined bacteriologically. 

In the first set of eggs only two, or 4 
per cent, of the 50 eggs inoculated with S. 
typhi-murium hatched and both poults died 
a few hours after hatching. The organ- 
ism was isolated from the heart blood, liver, 
yolk sac, lungs, contents of the crop, giz- 
zard, duodenum, posterior small intestine, 
ceca, rectum and bone marrow of the 
femur of both poults. The organism was 
recovered from all the infertile eggs and 
dead embryos and from the heart blood, 
liver, lungs, contents of the gizzard and 
duodenum of the poults that failed to 
hatch. 

Ten, or 40 per cent, of the eggs inocu- 
lated with sterile saline solution hatched. 
A mould was isolated from an embryo dead 
at 13 days; a Gram-negative, bipolar stain- 


TABLE IV—Results Obtained by Inoculating Eggs Incubated 14 to 16 Days with a Suspension of S. Typhi- 
Murium and Normal Saline 


| } | FATE OF E MBRYOS THAT WERE 
INOCULATED witH 0.01 cc. OF A | 
INCUBA- DATE oF | SuspPENSION oF 8S. NUMBER UMBER RESULTS OF 
rion | NUMBER | | or Deap- BACTERIOLOGK 
Srartep |_oF Eacs i j IN-SHELL PouLts EXAMINATION 
939) | INCUBATED (1939) Empryos | HatcHep 
| |A D/A D/A DIA DIA D/A D | 
March 21 ; 16 | April 7 | li 5} 2 14,2 14} 2 14| 1 | 1 S. typhi-murium (16) 
April 25) | 18 | May 9 Bey 14 413 5/11 7,8 10 6 2 S.typhi-murium (18) 
\ 9 | 11 | May 24 1| 7 4,7 4,7 43 8 2 1 S. typhi-murium (19) 
— 
| Fate or Empryos THat WERE 
| INOCULATED WITH 0.01 cc. NoRMAL SALINE 
March 21 | 5 April7 | ary 1 Sterile (5) 
April 25 5 May9 |5 O18 O18 O 3 Sterile (2) 
Mey9 5 May 24 |5 O15 O|5 O15 2 | 3 Sterile (2) 
Cont ROLS— Not 
| INOCULATED 
M:-ch 21 1/10 5 5 Sterile (10) 


15 None | 15 O/14 


a) 
- 
Alive. D Dead. 
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TABLE V—Results Secured by Inoculating Eggs Obtained from a Commercial Flock with S. Typhi-Murium and 
Sterile Saline Solution 


Eaas INocULATED 


S. 


| Group 1 


Group 2 


No. of eggs incubated 
Infertile eggs 

Embryos dead on 13th day 
Embryos dead on 17th day 
Embryos dead on 20th day 
Embryos dead on 24th day | 


50 


Embryos dead on 28th day 
Poults hatched 
Per cent of poults hatched 


ing, spindle-shaped rod was isolated from 
four of the infertile eggs. The remaining 
ten were sterile. 

Seventeen, or 68 per cent, of the eggs 
serving as controls hatched and the eight 
infertile eggs and dead embryos were 
sterile. 

In the second set of eggs only one, or 2 
per cent, of the 50 eggs inoculated with S. 
typhi-murium hatched. The poult was de- 
stroyed and S. typhi-murium was not re- 
covered from the heart blood, liver or yolk 
sac, but was isolated from the lungs, con- 
tents of the crop, gizzard, duodenum, 
posterior small intestine, ceca and bone 
marrow of the femur. The organism was re- 
covered from the heart blood, liver, yolk sac 
and small intestine of the poults that failed 
to hatch and from the infertile and dead 
embryo. Twelve, or 48 per cent, of the 
eggs inoculated with saline hatched, and 
from one infertile egg a Gram-positive, 
spore-forming rod was recovered, and from 
three of the eggs that failed to hatch 
Escherichia coli was isolated. 

Eleven, or 44 per cent, of the eggs serv- 
ing as controls hatched, and £. coli was iso- 
lated from three eggs and eleven were 


sterile. 
The results are shown in table V. 


S. typhi-murium was recovered from all 
infertile eggs, dead embryos and poults of 
groups 1 and 2. From group 3 a mould was 
isolated from one embryo, a Gram-nega- 
tive, bipolar staining, spindle-shaped rod 
from four infertile eggs. From group 4, 
a Gram-positive, spore-forming rod was 


Eaas INOCULATED ConTROL EaGs 
WITH STERILE SALINE 
| Grour 3 Group 4 


| 
| 


Group 5 Group 6 


2: 


to 


1 25 
6 


| 


recovered from one infertile egg and £. 
coli from three other eggs that failed to 
hatch. All others were negative in groups 
3 and 4. Negative bacteriologic results 
were obtained with group 5. E. coli was 
recovered from three eggs of group 6; the 
other eleven were sterile. 


VIABILITY OF S. TYPHI-MURIUM WITHIN 
INFERTILE EGGs 

Twenty-four eggs which were found in- 
fertile at the end of one week of incuba- 
tion were inoculated in the air cell with 
0.25 cc. of a 24-hour broth culture of S. 
typhi-murium. The incubator where the 
eggs were kept was maintained at 99.5 F. 
dry bulb and 83-84 F. wet bulb. The same 
aseptic precautions were used as before in 
preparing the eggs for bacteriologic ex- 
amination. The contents were transferred 
to Erlenmeyer flasks containing approxi- 
mately 100 cc. of sterile beef-infusion broth 
and then incubated from 24 to 72 hours at 
37.5 C. The broth cultures were trans- 
ferred on endo agar plates. Typical colo- 
nies of S. typhi-murium were transferred 
to serum-agar slants and identified. The 
eggs were examined at intervals for 13 
months and with the exception of those ex- 
amined on the eleventh and twelfth months, 
S. typhi-murium was recovered. When 
the eggs were cultured four months later 
on June 10, 1938, the yolk was dry and 
hard as a result of dehydration. 


DISCUSSION 


During recent years numerous Salmo- 
nella types have been isolated from tur ey 


| 
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ilts. There is experimental evidence that 
rtain types of Salmonella will cross- 
glutinate with S. pullorum rapid whole- 
od plate and tube antigens.’° Although 
Salmonella types have been isolated from 
rkey poults, S. typhi-murium showed the 
vreatest incidence; 82, or 62.3 per cent, 

the 136 cultures were S. typhi-murium; 
and 23, or 52 per cent, of the flocks were 
infected with S. typhi-murium. 

It has been demonstrated'® that day-old 
oults, when exposed by feeding suspensions 
of S. typhi-murium, usually die within ten 
days; the mortality may be 60 to 100 per 
cent. Adult turkey hens when fed viable 
organisms show little evidence of enteric 
disturbance, but the organisms may be- 
come established in the digestive tract and 
be eliminated in the droppings. The meth- 
ods of handling adult breeding flocks, 
whether confined or on limited range, and 
the nature of the turkey hen, present the 
possibility that the surface of the egg may 
become contaminated with fecal material. 
It has been shown that when S. typhi- 
murium is smeared on the surface of 
turkey eggs and the eggs placed in an incu- 
bator, the organism is capable of penetrat- 
ing the egg shell and membrane and thus 
infecting the embryo. If the organism is 
placed in the air cell of hatching eggs and 
incubated eggs that contain living 14-day- 
old embryos, the hatchability of the eggs 
is greatly reduced and a heavy embryonic 
death loss results. 

The organism has been found to be 
viable in eggs that have been incubated as 
long as 13 months, and unless the incubator 


Unpublished data. 


and equipment are properly cleaned and 
disinfected, the organism may be expected 
to live from one hatching season to the 
next. 

CONCLUSIONS 

1) In Minnesota several Salmonella 
types have been isolated from turkey poults. 
They are S. typhi-murium, S. derby, S. 
montevideo, S. newington, S. bredeney, S. 
bareilly, S. anatum, S. senftenberg, S. 
worthington, S. minnesota, S. enteritidis, 
S. newport, S. give, S. oranienburg, S. 
wichita, S. eastbourne, S. chester, S. litch- 
field, S. meleagridis, and S. saint paul. 

2) S. typhi-murium mixed with sterile 
feces and smeared on one third of the out- 
side of turkey eggs was able to penetrate 
the egg shell during incubation and invade 
the contents of the eggs. 

3) Eggs containing living embryos at 
the end of two weeks of incubation were 
inoculated with a saline suspension of S. 
typhi-murium. Only four poults hatched 
from the 45 inoculated eggs, in comparison 
with seven of the 15 control eggs that 
hatched living poults. 

4) The organism was still viable in in- 
fertile eggs which were maintained under 
incubation for the duration of the experi- 
ment, which was terminated at the end of 
13 months. 

5) Hatching eggs were inoculated in the 
air cell with a saline suspension of S. typhi- 
murium. Only three poults hatched from 
the 100 inoculated eggs, as compared with 
22 of the 50 saline-inoculated eggs and 28 
of the 50 control eggs which were not in- 
oculated. 


V 
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Transmission Experiments with lritis of Fowls” 


C. D. LEE, D.V.M., M.S., and H. L. WILCKE 


Ames, Iowa 


IRITIS AS REFERRED to in this paper is char- 
acterized by a fading of the iris, which 
becomes slate gray or bluish. The iris 
frequently shows in the beginning a depig- 
mented circle around the pupil. This 
circle is gray at first or it may be only 
slightly faded and extend over the entire 
pupil, completely replacing the normal bay 
color. The process may start in any part 
of the iris as a small, depigmented spot or 
a generalized fading, or it may start in 
many areas at one time, giving the appear- 
ance of the normal bay color interspersed 
with pathologic gray. The pupil often be- 
comes constricted and, in extreme cases, 
may completely disappear. One or both 
eyes may be involved. 

Histopathologically the iris is thickened, 
edematous and infiltrated with the same 
type of cells as are generally described in 
nerve lesions of neurolymphomatosis galli- 
narum. 

Two schools of thought prevail as to the 
etiology of this condition: One view is 
that erythroleucosis and myeloid leucosis 
are due to a_ specific etiologic agent, 
and that neurolymphomatosis gallinarum, 
lymphomatosis, iritis and associated con- 
ditions are of a different etiology. The 
unitarian theory is that erythroleucosis, 
myeloid leucosis, and lymphoid leucosis 
which includes neurolymphomatosis galli- 
narum, lymphomatosis, and iritis are 
merely manifestations of the same disease 
and due to a common etiologic agent. 

In any case both agree that iritis is an 
association of the so-called fowl-paralysis 
complex and that the etiologic agent (or 
agents) is a filtrable virus. 

*From the Veterinary Research Institute, lowa 
State College; presented before the Section on 
Poultry at the 77th annual meeting of the Amer- 
ican Veterinary Medical Association, Washington, 
D. C., August 26-30, 1940. 

This project was started in 1938 and is now 
being continued as a coédperative study with the 


Regional Poultry Research Laboratory, U. S. 
Department of Agriculture, East Lansing, Mich. 


REVIEW OF LITERATURE 


Warrack and Dalling' believed the disease 
to be transmitted through the egg and that the 
male as well as the female could transmit it. 
Marginson and McGaughey* claimed that the 
principal mode of spread of the disease was 
through the egg. Doyle*® was among the first 
to describe an iritis of fowls which he believed 
to be associated with fowl paralysis. He was 
unable to artificially transmit the disease. 
Pappenheimer, Dunn and Cone‘ associated iritis 
with neurolymphomatosis gallinarum. Durant 
and McDougle® demonstrated the presence of 
the infective agent in blood from chicks 
hatched from infected parents. 

The review of literature, while not com- 
prehensive, shows that many investigators 
have associated iritis with the fowl-paraly- 
sis complex. In field observations of the 
past several years the authors have been 
greatly impressed by the spontaneous field 
outbreaks. This has led to the belief of a 
possibility of transmission of the fowl- 
paralysis complex by affected breeding 
stock. This report should be taken as only 
a preliminary note, as much work is now 
under way on various phases of this prob- 
lem. 


MATING EXPERIMENTS 


There are many difficulties in securing fer- 
tile eggs from paralyzed hens. After paralysis 
is well established, copulation is interfered 
with and in many instances egg laying ceases. 
Most fertile eggs obtained die during incuba- 
tion or produce weak chicks. In most cases 
of erythro- and myeloid leucosis birds are not 
productive. 

Birds affected with iritis may lay normally 
and produce as many fertile eggs as norma! 
females. It would seem, therefore, that ‘f 
transmission may be inherent, the greatest 
hazard would be from iritis birds rather tha 
other manifestations. 


'Warrack and Dalling: Vet. J., xliii (1930), p. &>. 

*Marginson and McGaughey: Vet. Rec., xi (1931) 
p. 575. 

8Doyle: J.A.V.M.A., Ixxii (Feb. 1928), p. 585. 

4‘Pappenheimer, Dunn and Cone: Storrs Ag. 
Exp. Sta. Bul. 143 (1926); J. Exp. Med., x!-x 
(1929), p. 63. 

‘Durant and McDougle: 
Bul, 304 (1939). 
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y 1941 IRITIS OF FOWLS 


1 RANSMISSION BY MATING EXPERIMENTS 


(n these experiments three matings were 

ide: iritis males on iritis females, normal 
males on iritis females, iritis males on nor- 
mal females. Two pens of 20 females each 
were used in each mating. Differential blood 
smears were taken at intervals in an attempt 
to avoid using birds showing other than iritis 
iesions. The birds were trapnested and all 
chicks hatehed were pedigreed. Separate in- 
cubators were used for hatching purposes and 
separate caretakers were employed on each 
mating and for chicks hatched from each mat- 
ing. The chicks were taken directly from the 
incubator and placed in colony houses equipped 
with sereen porches so that at no time were 
birds on the ground. 

In pen 1, which contained 32 chicks resulting 
from the mating of iritis males and females, 
the following manifestations were observed over 
a period of 14 months: Five birds had typical 
manifestations of paralysis, seven developed iri- 
tis, three had lesions of lymphocytoma, one had 
myeloid leucosis, three were affected with ery- 
throleucosis, two had osteopetrosis, and five 
died of intercurrent disease or injury. In all, 
21 out of 26 birds developed some type of the 
fowl-paralysis complex. 

Pen 2 contained 30 chicks from mating nor- 
mal males and iritis females. The following 
manifestations were observed during a 14- 
month period. Seven birds developed paralysis, 
five manifested iritis, two had lymphocytomas, 
three had myeloid leucosis, and five died of 
intercurrent disease. In all, 17 out of 25 birds 
developed some form of the _ fowl-paralysis 
complex. 

Pens contained 46 chicks from the mating 
of iritis males on normal females. The ob- 
servations over a 14-month period revealed the 
following: Three birds developed typical symp- 
toms and lesions of paralysis, one developed 
lymphocytoma, two developed iritis, and six 
died of intercurrent disease or injury. In all, 
only 6 out of 40 birds developed manifesta- 
tions of some form of the fowl-paralysis com- 
plex. 
The earliest cases that developed were in 
pen 1. One bird in this pen developed paralysis 
in 43 days. The latest case to develop was 
in pen 2, at 12% months. While cases oc- 
curred from 43 days until 12% months, the 
majority of cases occurred between the fifth 
and seventh month of age. 


TPANSMISSION BY OVARIAN TISSUE 


1 order to study the mode of transmission 
. the following inoculations were made: A hen 
in the iritis group which had produced the 
larvest numbers of chicks was destroyed. The 
ovaian tissue, which appeared normal grossly, 
was removed aseptically and ground in a 
Ste.ile mortar with 0.85 per cent sterile salt 


solution, centrifuged at slow speed and the tur- 
bid supernatant fluid was used to inject 27 
susceptible 1-week-old chicks. The chicks were 
obtained from our own paralysis-free breeding 
flock. All chicks were inoculated intraperito- 
neally with 1 cc. of this material. They were 
placed in an isolated colony house with a screen 
porch. 

Twenty-eight chick brothers or sisters of 
the inoculated chicks and from the same hatch 
were maintained on a different section of the 
research farm as controls. During a_ period 
of 14 months, three birds showed typical pa- 
ralysis, one developed an enormous tumor of 
the ovary, and eight died of intercurrent dis- 
ease or injury. In all, four birds showed mani- 
festations of the fowl-paralysis complex out of 
a possible 20. None of the controls developed 
manifestations of the range-paralysis complex. 


TRANSMISSION BY BLOOD OF ADULT BIRDS 


The blood of the hen from which ovarian 
tissue was taken was heparinized and 0.5 ce. 
was inoculated intracardiacally into 28 sus- 
ceptible chicks. The hen from which the blood 
and ovarian tissue were taken was 13 months 
of age. Over a period of 14 months five birds 
developed paralysis, three developed iritis, four 
showed erythroleucosis, and three died of in- 
tercurrent disease or injury. In all, twelve 
birds showed manifestations of the range- 
paralysis complex. 

Twenty controls remained free from the dis- 
ease during the experimental period. 


TRANSMISSION BY TESTICULAR TISSUE 

A male in the iritis female and iritis male 
mating was destroyed. This bird was taken 
from the pen showing the greatest fertility. 
He was bled in heparin solution and the blood 
saved for inoculation. The testicles, which 
grossly were normal, were aseptically removed 
and ground in a sterile mortar in 0.85 per cent 
salt solution. The material was centrifuged 
at slow speed and the supernatant material 
was drawn off for inoculation. Twenty sus- 
ceptible chicks were inoculated intraperitone- 
ally with 1 cc. of this material. Over a 14- 
month period one bird developed fowl paralysis. 
The controls, consisting of 20 chicks, remained 
healthy throughout the experimental period. 

Five-tenths cc. of heparinized blood from this 
male was inoculated intracardiacally into each 
of 23 susceptible chicks. During a 14-month 
period three birds developed paralysis, two 
developed myeloid leucosis, two developed ery- 
throleucosis, and one developed iritis. In all, 
8 out of 23 birds became affected with some 
form of the range-paralysis complex. 


TRANSMISSION BY BLOOD OF CHICKS 


Five 1-day-old chicks from iritis male and 
female matings were killed and bled in heparin. 
The blood was pooled and 0.05 cc. was inocu- 
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lated intracardiacally into each of 35 suscepti- 
ble chicks when 1 week of age. Over a 
14-month period seven birds developed paral- 
ysis, five developed iritis, four developed ery- 
throleucosis, two became affected with myeloid 
leucosis, and one developed osteopetrosis. In 
all, 19 birds developed some manifestations of 
the fowl-paralysis complex. The 25 birds used 
as controls remained free from the disease. 

The same experiment was conducted with 
blood of iritis hatched chicks, 1 week and 2 
weeks of age. In all cases chicks of iritis mat- 
ings sacrificed had full brothers or sisters in 
the mating experiments. 

Experiments are now under way with blood 
from these chicks at 1 day of age and each 
week up to 12 weeks, then at monthly inter- 
vals up to 12 months. 


SUMMARY AND CONCLUSIONS 


1) The term iritis is used to designate 
one type of the range-paralysis complex. 

2) Eighty per cent of the chicks hatched 
from iritis dams and sires and raised in 
isolation died from some form of the range- 
paralysis complex during a 14-month period. 

3) Approximately 70 per cent of the 
chicks hatched from normal males and 


iritis females died of some form of the 
range-paralysis compiex during a 14-month 


period. 


4) Only 15 per cent of the birds hatched 
from iritis males and normal females died 
of the fowl-paralysis complex. 

5) Twenty per cent of the chicks inocu- 
lated with ovarian tissue of an iritis fow! 
succumbed to some form of fowl paralysis. 

6) Approximately 50 per cent of the 
chicks inoculated with blood ef a 13-month- 
old hen suffering from iritis became 
affected. 

7) Only one bird became affected with 
range paralysis when inoculated with testi- 
cular tissue from an iritis male. Forty 
per cent of the birds inoculated with blood 
of the iritis male became affected. 

8) The infective agent was found pres- 
ent in day-old chicks hatched from iritis 
matings. 

9) These experiments indicate that iritis 
males and females are possible carriers of 
fowl paralysis and the disease is trans- 
mitted to their offspring. This may account 
for many field outbreaks of the disease to 
the offspring by way of the egg. 

10) The results tend to show unity of 
etiology of erythroleucosis, myeloid leu- 
cosis, lymphocytoma, iritis, and neuro- 
lymphomatosis gallinarum. 


& 
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A Simple Instrument for Mincing Tissue* 


CARL OLSON, JR., D.V.M. 
Amherst, Mass. 


(HERE ARE various methods of preparing 
noculums of experimentally transplantable 
‘umors. The simplest is to place slices of 
‘he tumor in the host through an incision 

f the skin, the entire operation being done 
by means of the usual surgical instruments. 
This method is obviously quite laborious 
when large numbers of animals are to be 
inoculated. A modification of this method 
is to place small pieces of tumor tissue in 
the bore of long, large-caliber hypodermic 
needles. The inoculation is made by driv- 
ing the point of the needle to the desired 
location and expelling the contents by push- 
ing the stylet of the needle through the 
bore, 

A similar technic may be followed by 
using a combination of two trocars as illus- 
trated by Feldman.' A large cannula and 
sharp-pointed trocar are used to perforate 
the skin and tissues leading to the site of 
deposit of tumor tissue. The sharp trocar 
is then removed and a smaller cannula con- 
taining the inoculum and a blunt trocar 
are guided by the larger cannula to the 
point of inoculation. The needle and tro- 
car and cannula inoculation methods require 
small pieces of tumor usually obtained by 
cutting with scissors. A different proce- 
dure is to prepare an emulsion of tumor 
tissue that may be inoculated with a hypo- 
dermic syringe and needle. The process of 
grinding in the preparation of an emulsion 
destroys many cells, and the method may 
be criticized on this basis. To overcome 
this defect, tissue grinders or mincers have 
been developed. These are modifications 
i. miniature of the common household 
meat grinder or food chopper, and are 
e uipped with rotating cutting discs (Lata- 


From the Department of Veterinary Science, 
\\ ssachusetts State College; contribution No. 391 
the Massachusetts Agricultural Experiment Sta- 


‘eldman, W. H.: Neoplasms of Domestic Ani- 
mis (CW. B. Saunders Company, Philadelphia, 
2), pp. 384-385. 


pie,2 Woglom*). Such an instrument is 
rather expensive and, therefore, may not be 
available to smaller laboratories. 

During the past three years we have been 
conducting certain experiments with a 
tumor of chickens transmissible by means 
of cellular inoculums. In the early work 
with this tumor the needle and trocar and 
cannula methods of transplant were used. 
In an effort to simplify the preparation of 
an inoculum that could be injected with a 
hypodermic syringe and avoid grinding the 
tissue with mortar and pestle, a simple in- 
strument was devised. As far as we are 
aware, the principle of the instrument has 
not been previously applied to this purpose. 
It has served our needs so well that others 
may find it useful. 

The instrument consists of a tube with a 
snugly fitted piston and a perforated disc 
at one end. The dimensions may be varied 
to suit individual needs. For our purposes 
the diameter of the cap covering the end 
with the perforated disc is of such a size 
that it may be placed inside a large 50-cc. 
centrifuge tube. The capacity of the in- 
strument is about 20 cc. of tissue. The 
perforated disc is steel, 3/32 in. thick, case 
hardened after as many holes as possible 
have been drilled in the exposed area. The 
holes are drilled with a number 60 drill 
and divide the tissue to such a size that the 
particles readily pass through a 15-gauge 
needle. The rest of the instrument is made 
of brass. The retaining lip of the cap hold- 
ing the perforated disc in place is made as 
narrow as possible, for the minced tissue 
will cling to the disc and must be wiped off 
on the edge of the container into which the 
minced tissue is being deposited. A short 
length of loose-fitting coil spring is placed 

*Latapie, M.: Nouveau broyer pour la prepara- 
tion de la pulpe d’organes. Ann. de |'Inst. Pasteur, 
xvi (1902), pp. 947-950. 

*Woglom, W. H.: The Study of Experimental 


Cancer (Columbia University Press, New York, 
1913), pp. 68-71. 
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Fig. |. Tissue mincer, disassembled. 


The perforated disc fits inside the cap immediately below 


it. The disc and retaining cap are fitted to one end of the cylindrical tube, and tissue for mincing 


is placed inside the tube from the other end. 
screwed down. 
knob of the piston shaft. 


The piston is then inserted and the guide cap 
Tissue is then forced through the perforations of the disc by pressure on the 
A finger grip is screwed on to the barrel as an aid to operation. The 


coil spring has been omitted from the piston shaft of this instrument. 


on the shaft attached to the piston. This 
is to prevent damage to the piston that 
might be caused by the guide cap (dents, 
etc., associated with washing and handling 
when the piston is removed from the tube). 
The details are illustrated in figure 1. 


The technic for preparation of a tumor 
inoculum with this instrument is as follows. 
All instruments used are sterilized. The 
operative site for removal of tumor tissue 
from the donor is prepared in the usual 
manner for the preservation of asepsis. 
Portions of the tumor of such a size that 
they may readily enter the tube of the tis- 
sue mincer are placed in a Petri dish. When 
a sufficient amount has been obtained, the 
guide cap of the mincer is unscrewed and 
the piston removed, permitting insertion of 
tumor tissue into the tube of the mincer. 


The piston is replaced and the guide cap 
screwed into place. The delivery end of 
the mincer is then placed in the open end 
of the sterile centrifuge tube which is to 
contain the minced tissue. The handle of 


the tissue mincer is pushed down, forcing 
the tumor tissue through the perforations 
of the disc and into the centrifuge tube. 
With relatively soft tumors only moderate 
pressure need be exerted in driving the tis- 


sue through the perforated disc. More 
pressure is required in the case of firmer 
tumors. In a few instances we have used 
a mincer having a disc with larger holes 
through which firm, fibrous, tumor tissue 
was forced before attempting to pass it 
through the tissue mincer with the smaller 
perforations. In such cases two mincers 
are used for the operation, to avoid contami- 
nation incident to handling the end of the 
instrument having the perforated disc. Tne 
minced tissue in the centrifuge tube may 
be used for inoculation as such or it may 
be diluted or treated as desired. It can be 
readily aspirated into a syringe through a 
15-gauge needle. An ordinary glass Lver 
syringe may be used, but the bore in the 
tip of a Luer-Lok syringe is slightly larger 
and, therefore, preferable. With reasona)le 
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The Bacterial Flora and Disinfection of Teat Cups” 


JAMES R. HAY, B.A., D.V.M. 
Newark, Del. 


As THE REPORTS of other workers suggest 
that the teat cup of the milking machine 
may be a factor in the spread of mastitis, 
this study was undertaken to determine the 
importance of the teat cup in this con- 
nection. 


REVIEW OF LITERATURE 


Little' has demonstrated that mastitis can be 
produced in the udders of cows by the suction 
of streptococci from a receptacle into the duct 
of the teat. Meigs, Converse, Burkey, Rogosa 
and Sanders® stated that increased udder 
trouble may result from the use of milking 
machines. Experiments by Christiansen and 
Neilson® showed that under natural conditions 
it is hardly conceivable that mastitis infection 
may arise in any other than a galactogenous 
way. Jones and Little* stated that there seems 
no doubt that mastitis may be produced in the 
dairy cow when large numbers of streptococci 
are introduced into the teat canal. In his ex- 
periments Davis® has shown clearly that hemo- 
lytic streptococci when applied to the teat sur- 

‘From the Department of Bacteriology and 
Hygiene, University of Delaware; a project of the 
Haskell Animal Disease Research. 

Little, R. B.: Cornell Vet., xxvii (1937), p. 309. 

“Meigs, E. B., Converse, H. T., Burkey, L. A., 
Rogosa, M., and Sanders, G. P.: The relation of 
milking machines to the incidence of mastitis. 
(Paper distributed at 33rd annual meeting of Amer- 
( Dairy Science Association, Columbus, Ohio, 
1938.) 

Christiansen, M., and Neilson, F.: Infectious 
bovine mastitis. Proc. 12th Int. Vet. Cong., ii 
(1934), pp. 548-562. 

jones, F. S., and Little, R. B.: Bovine mastitis. 
Proc. 12th Int. Vet. Cong., ii (1934), pp. 563-579. 

Davis, D. J.: Bovine mastitis in relation to milk- 
borne epidemics. J. Inf. Dis., Ix (1937), p. 374. 
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precautions contamination of the inoculums 
with bacteria of the air will not occur. 
‘xamination of histologic sections of 
minced tissue reveals but little morphologic 
da nage to a relatively soft lymphoid tumor 
tht has been forced through the tissue 
mocer. When the minced tumor has been 
di ited with physiologic salt solution, 
meny free cells may be found, yet the ma- 
jo. ty of cells are retained in small clumps. 


face will readily ascend the teat ducts to the 
milk cisterns, setting up an infeciion. Accord- 
ing to the investigations of Rice,® one of the 
serious factors in bacterial contamination and 
rapid deterioriation of milk is the imperfectly 
washed and sterilized milking machine. Al- 
though milk of satisfactory sanitary quality 
can be produced by the application of proper 
cleansing technic, the methods of cleansing 
and sterilizing at present followed by most 
users of machines are inefficient. 


MATERIALS AND METHODS 


The herd in which the experimental data 
were obtained has approximately 65 animals 
milking at all times. It comprises 80 per cent 
purebred Guernsey animals and 20 per cent 
grades. The animals are milked three times 
daily in a modern stanchion type of milking 
machine. The machine consists of four units; 
however, only three units were used during the 
experiment. 

This herd had been tested previously by the 
blood-plate method of bacteriologic examina- 
tion. All animals which were shedders of 
streptococci or hemolytic staphyle«occi of masti- 
tis significance were placed at the end of the 
milking line. Over a period of six months the 
blood-plate method of examination revealed a 
steady increase in the number of infected ani- 
mals. Therefore, it was thought advisable to 
conduct a thorough bacteriologic examination 
of the teat cups of the milking machine. This 
was carried out in an effort to determine the 
correct procedure in washing and sterilizing 
the cups in order to destroy all viable organ- 
isms and to determine the bacterial flora of 
the cups. 

The rear quarters, tail, and udders of each 
animal were thoroughly washed with warm 
water before each milking to remove any ex- 
traneous material. The udders were thoroughly 
washed with a chlorine solution containing 50 
parts per million of available chlorine. The 
animals were then placed in the milking stan- 
chions and the fore milk from each quarter 
was tested by strip cup before the teat cups 
were applied. 

Three methods of control were attempted in 
the treatment of the teat cups. First, the cups 
were dipped in a chlorine solution of 50 parts 
per million ef available chlorine, between the 
milking of each animal. Second, they were 


*Rice, E. B.: Hand vs. machine milking. Queens- 
land Agr. J., lii (Nov. 1939), pp. 535-542. 
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dipped into clear water to remove any organic 
material which might reduce the strength of 
the chlorine solution, then dipped in chlorine 
solution of 50 parts per million of available 
chlorine. Third, they were thoroughly steamed 
with live steam followed by chlorine solution 
of 50 parts per million of available chlorine. 
The first method described above was used 
on this farm as a routine procedure. The cups 
were rinsed in the chlorine solution after each 


milking and the original solution was used 
throughout a single milking period. The chlcr- 
ine solution was kept in 10-gal. earthenware 
crocks. The teat cups from units A and B 
were rinsed in one crock, while those from unit 
C were rinsed in a separate crock. 

The second method was devised to maintain 
the strength of the chlorine solution. The clear 
water was placed in 2%%-gal. galvanized feed 
pails and the water was changed after every 


TABLE |—Bacteriologic Examination of Teat Cups (with Chlorine Only, 50 Parts per Million) 


PRIOR TO AFTER 5TH | AFTER 
MILKING ANIMAL, 
Ist | BEerore BEFORE 

ANIMAL (CHLOR. SOL 6TH 
ANIMAL 


Total 


Bact 


Total 
Bact 


Right Total | 
fore 


Bact Nor 


Right Total 29,100 16,800 
rear 
Bact Nor. Nor 


Unit B 


Left Total 
fore 


Bact 


Total 


Nonhem. 
staph. 


Bact 


Right Total 
fore 
Nonhem. 


staph 


Bact 


Right Total 
rear 
Bact. 


Unit C 


Left Total 0 
fore — 
Nonhem 


staph 


Bact 


Left Total 
rear 
Nonhem. 

staph. 


Nonhem. 
staph. 


Bact. 


Right Total | 
fore - 


Bact. | 


Right 
rear 


| Total | 


| Bact. | Nor. 


AFTER 10TH 
CHLOR.SOL., 
BEFORE 
Sou 


Nonhem, 


AFTER 15TH 
ANIMAL, 
BEFORE 

Sor 


AFTER 
CHLOR.SOL., 
BEFORE 
llTH 
ANIMAL 


AFTER | 
CHLOoR.SOL., 
BEFORE 
16TH 
ANIMAL 


AFTER 
Last 
ANIMAI 


ANIMAL, 


16 ) 5 


Nonhem + Nh 


staph staph 


Nonhem., 


staph 


24,300 11,200 21,400 


Hem 
staph 


Hem 
staph. 


Nor | Nor. 


1] 1 7 


Nonhem., Hem. 
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staph | staph 
34,375 299 
Nor 


a’ str 
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Nonhem. 
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*Too many colonies to count, 
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animals were handled in the experiment. 
this method the original chlorine solution 
; used throughout the milking process. 
, the third method the units for steaming 
teat cups were attached directly to the 
king units. These steam units were con- 
ted with the boiler serving the dairy. The 
s were placed in the units after milking 
ach animal and the steam under pressure was 
ced into the cups for approximately 30 sec- 
is, after which the cups were rinsed in 
iiorine solution. 

rhe milking machine was adjusted so that 

vacuum of 14 to 16 in. of mercury was 
aintained in the space below the lower end 
of the teat. The sides of the teat were com- 
pressed 42 times per minute by releasing the 
yacuum in the space between the rubber cuff 
surrounding the teat and the metal walls of 
the teat cup. The machines were left working 
throughout the stripping process, which was 
done by massage of the udders with the cups 
in place and the machine still working. 

The bacteriologic examination of the teat 
cup was made by swabbing the inside of the 
rubber cuff at predetermined intervals with 
sterile swabs. On each examination a corre- 
sponding cup was used from each unit. The 
first swab was taken from the cup before milk- 
ing, and while the treatment was used between 
each animal, swabs were taken after the 5th, 
10th, 15th and 20th animals before treating 
the cups, and swabs were taken after treating 
the cups before the 6th, 11th, 16th and 21st 
animals. The final swab was taken from the 
cup immediately after the last animal in each 
unit had been milked. 

The swabs were taken to the laboratory and 
under aseptic conditions each one was clipped 
with sterile scissors and allowed to fall into a 
tube containing 3 to 4 cc. of sterile 2 per cent 
tryptose broth. The tube was thoroughly 
shaken and 1 ce. of the broth was transferred 

) a 99-ec. sterile water blank. The water blank 

s shaken and 1 cc. was transferred to a 
sterile Petri dish, to which was added tryptose 

r. The plates were incubated for 48 hours 
at 37 C., after which all colonies were counted. 
he tube containing the broth and swab was 
ubated for six hours and one loopful was 

‘aked on a blood-agar plate (10 per cent 

blood in 2 per cent tryptose agar). These 
id plates were incubated for 18 to 24 hours 
from these plates the alpha and alpha 
ne streptococci and the hemolytic staphylo- 
i were isolated and classified by biologic 
serologic tests. 


‘PERIMENTAL DATA 


etailed results of the bacteriologic 
1 ings when the teat cups were rinsed in 
Lorine solution only may be found in 


table I. These data show that as the milk- 
ing progressed the number of colonies in- 
creased and at the end of the milking the 
colonies were too numerous to count. In 
most instances the solution was able to re- 
move from the teat cups all alpha prime 
streptococci in the early stages of milking. 
However, as the strength of the chlorine 
solution deteriorated, the organisms could 
be easily isolated. This may be explained by 
the presence of organic material in the 
chlorine solution, deposited by the constant 
rinsing of the cups as soon as they were 
removed from the cows. 

In the data shown in table II the pro- 
cedure was varied so that the cups were 
washed first in clear water, followed by a 
rinse in the chlorine solution of 50 parts 
per million of available chlorine. The re- 
sults indicate that this method of handling 
the cup will remove more of the viable or- 
ganisms than rinsing the cups in chlorine 
solution only. This favorable action may 
be explained on the basis that by removing 
most of the milk particles when rinsing 
first in clear water, the chlorine solution 
will maintain its strength throughout the 
milking process. From the data in table II 
it may be deduced that in this process, 
while the bacterial counts are lower than in 
the first method, the alpha and alpha prime 
streptococci were still present and could be 
easily isolated. An indication of the ability 
of the chlorine solution to destroy live bac- 
teria may be observed in the bacterial re- 
sults of the swabs taken immediately after 
rinsing the cups in chlorine solution. In 
most instances the counts were from 30 to 
60 per cent lower than the counts made 
immediately after the cups were removed 
from the cow. 

Table III gives the results of the treat- 
ment of the teat cups by the use of live 
steam, followed by rinsing in chlorine solu- 
tion. The total count by this method was 
very much reduced over the total count of 
the other two methods. It may be observed 
that counts made immediately after the 
cups were removed from the cows contained 
from 1 to 99 colonies in the majority of 
cases, whereas counts made after steam 
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| | | 
Prior Tro | 5TH | AFTER 10TH AFTER AFTeR 15TH! AFTER 
MILKING ANIMAL, | CHLOR.. | ANIMAL, CHLOR ANIMAL, Cuior., | AFTER 
Ist BEFORE BEFORE BEFORE BEFORE BEFORE Berore | Last 
ANIMAL | WATER | 6TH | WaTeR + | lltH WatTeR + 167TH | ANIMAL 
| CHLOR. | ANIMAL ! CHLOR ANIMAL CHLOR. ANIMAL | 


Total 4 163 22 2 2 3 0 23 


Bact. Nor a’ str. a’ str. Nonhem, Nonhem 
staph staph 


Total 20 


Bact. a’ str 


Right Total 


fore 


Bact. 


Total 


Right 
rear 


Bact. 


Unit B 


Total 


Left 
fore 


Bact. 


Total 


Left 
rear 


Bact. 


Total 


Right 
fore 


Bact. 


Right Total 


rear 


Bact. 


Unit C 


Left Total 
fore | < > 
j Bact. | Nor. a’ str. Nor. a’ str. Nor. Nor a’ str. a’ str 

Left | Total 2 2 22 5 1 11 4 28 
rear ayers - 

Bact. | Nor. Nor. Nor. Nor. | Nor. a’ str a’ str a’ str 
Right Total } 0 | 3 0 61 7 2 1 21 

Bact. | Nor. a’ str. a’ str. a’ str. Nor. | a’ str | a’ str. a’ str 
Right | Total 0 1 0 | 1 2 2 l 0 
rear - : |— 

Bact. Nor. a’ str. Nor, a’ str. a’ str. a’ str. | a’ str a’ str 

+ hem. | 


staph. 


| 


*Too many colonies to count. 


and chlorine sterilization were practically tococci.* Of these, 16 (84.21%) are 
negligible. No alpha prime streptococci group I, two (10.53%) in group II, and one 
were isolated after the teat cups were sub- (5.26%) in group III. 
jected to this method of steam sterilization. The streptococci isolated during steriliza- 
In table IV there are listed the various tion of the teat cups by clear water plus 
streptococci isolated during sterilization of Chlorine solution are listed in table V. The 
the teat cups by chlorine solution only. *Based on previous work on these animals, ‘hé 
Nineteen cultures have been classified ac- organisms listed as Minett group I have been cla-si 
. . . ° ‘ 5 fied by the precipitin reaction as Lancefield gr uP 
cording to Minett’s classification of strep- B streptococci. 
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cultures have been classified and 14 
into group I and one 
66%) into group III. 
fable VI lists the streptococci isolated 
m the teat cups immediately after the 


34% ) 


fall 


Minett group I, and two (10%) in group 
IIT. 

Nineteen cultures of streptococci are 
listed in table VII. These cultures could 
not be classified in any of the three Minett 


3 were removed from the animals and 8%'0UPS and are, therefore, considered in 
ior to sterilization by steam and chlorine this paper oS unclassified streptococci. Fur- 
lution. There were no alpha or alpha ther detailed study may bring out addi- 
‘me streptococci isolated from the cups tional characteristics which will determine 

after they were subjected to this method of their proper place in one of the groups. 
erilization. Of the 20 cultures isolated DISCUSSION 

ior to sterilization, 18 (90%) are in Comparison of results of the teat cup 

TABLE II|—Bacteriologic Examination of Teat Cups (Steam Before Chlorine Solution) 
| PRIOR TO | AFTER 5TH AFTER 10rH| Arrer | AFTER AFTER 
| MILKING ANIMAL, Cuior., | ANIMAL, CHLOR., ANIMAL, | CHLOR., AFTER 
lst | BerorEe BEFORE BEFORE Berore | Berore | Berore LAST 

r A 
Left | Total | 0 1 0 3 0 0 0 14 
ae; Bact. Nor. is Nor. Nor. Nor. | Nor. Nor. Nor a’ str 
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itB 
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TABLE IV—Streptococci Isolated During Steril zation of Teat Cups by Chlorine Solution Only 


| MILK 


MorpPHOLOGY 


AESCULIN 
TREHALOSE 
LACTOSE 
DEXTROSE 
MINeETT Group 
PuHAGE Lysis 
PH DexTROSE 


ORGANISM 
HEMOLYZED 
Ox BLoop 
MANNITOL 
SORBITOL 


SALICIN 


wo 


Short chains 
Long chains + in pairs 
Long chains + in pairs 
| Short chains 
| Diplococei + short chains 
| Chains + in pairs 
Short chains 
Chains + in pairs 
Long chains + in pairs 
Long chains + in pairs 
Long chains + in pairs 
Long chains + in pairs 
Long chains + in pairs 
Long chains + in pairs 
Chains + in pairs 
Chains + in pairs 
Long chains + in pairs 
| Long chains + in pairs 
| Long chains + in pairs 


examinations indicates that sterilization by dicated that while the total number of 
steam (table III) was the most successful viable organisms was lower, the method 
of the three methods used in this experi- was not adequate to bring about complete 
ment. The use of chlorine solution (50 © sterilization. The strength of the chlorinc 
parts per million) alone (table I) was in- solution was maintained at a higher level, 
adequate for the removal of viable organ- but the infective organisms were still pres- 
isms. The chlorine solution that was not ent. This method of treating the teat cups 
changed during the milking of 65 animals is not recommended, but may be _ used 
quickly lost its effectiveness. This type of where steam sterilization is not practical. 
treatment did not properly destroy the However, the clear water and the chlorine 
viable bacteria which were deposited on the solution must be changed at frequent in- 
walls of the teat cup when infected animals’ tervals, and the source of the water for 
were milked. When the teat cups were’ rinsing must be given serious considera- 
rinsed first in clear water followed by _ tion. 

chlorine solution (table II), the results in- The treatment of the teat cups with live 


TABLE V—Streptococci Isolated During Sterilization of Teat Cups by Clear Water and Chlorine Solution 
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PHaGe Lysis 


LEDERLE B 


MANNITOL 
INULIN 
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SORBITOL 
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DEXTROSE 
Minetr Group 
CoNnTROL 


HeMOLysis— 


Ox BLoop 


ORGANISM 
AESCULIN 


AcIp 
SALICIN 
O90R 
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C4a | Medium chains 

B5a |Chains + in pairs 

C5a |Long chains + in pairs 
B6éa |Long chains + in pairs 
C6a |Medium chains 

A7a |Long chains + in pairs 
B7a |Long chains + in pairs 
C7a |Long chains + in pairs 
A&a |Short chains } 
BSa |Long chains + in pairs 
C8a |Long chains + in pairs 
C5e |Short chains 

A3d |Long chains + in pairs) 
B4d Short chains 

B7d |Long chains + in pairs) 


to 
| 
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TABLE Vi—Streptococci Isolated During Steam Sterilization of Teat Cups* 
| D AGGLUTINATION 
| Litmus MILK | y | < | Test 1:200 
Long chains + in pairs| a’ + | | a +] \4 L 4+ | 4.49 
( Short chains | a’ + | + Bhd bad +i + +) + — 4 40 
Long chains + in pairs} a’ | + | + . | ri Primi +t + | I }4+ | 4+ 4.82 
( Short chains a’ + 1+] + | +} | 
Long chains + in pairs} a’ | + | + t — | } 4.06 
Long chains + in pairs| a’ | + | t rit) | } |} 4+ | 4.32 
Long chains + in pairs} a’ | + | + +) +) 1 4+ | 4.32 
Long chains + in pairs} a’ + + ris +t +/+) 1 32 
( Long chains + in pairs} a’ Ba +} I }44+ - | 44 32 
Short chains |} a’ | + +} +/+] 4 + +] 32 
B2d |Short chains + | + + + +] | | $+ | 4.83 
C2d |Short chains + 4+ 1.83 
| |Short chains la i + +} +i +) +) 4+] + 4.83 
| Short chains a’ | + + | +) +] 1) 4+ 4+ | 5.00 
Béd |Short chains a’ + + | + +} +] /4+] + + | 4+ | 4.83 
(6d |Long chains + in pairs| a’ | + + rit + +} +) | 4+ 4.83 
|Short chains a’ + +i +i + + +} I - | 1.91 
|Long chains + in pairs} a’ + | + | | + +) +] 4.49 
CSd |Long chains + in pairs; a’ | + | + + + +} I {4+ 4+ 4.57 
*These cultures were isolated from the teat cups immediately after removal from the animal and 
r to steam sterilization. No streptococci were isolated after sterilization. 
TABLE Vil—Unclassified Streptococci Isolated During Teat Cup Experiment 
| GROUPING 
Litmus Mix | | } | AGGLUTINATION 
a | Test 1:200 | & 
28) | | 12] | | 
Crear Water + CHLORINE (REFER TO TABLE V) 
| | | | | 
B2a |Short chains | a’ |—|- | +} + + +} + +] +] | | 5.67 
|Short chains a’ | - | 5.50 
Bia |Short chains a +] —] + +] +] +] 4+ 1.23 
B Short chains a’ + — | 4+] + +} + 4 15 
A4 Short chains a’ + | — + | + | + + | | + }+|+/2+] | | | 4.06 
C4e |Short chains a’ + — Gal + 1+] +] | | - | 4 15 
Long chains + in pairs a’ + | + +/+) +] +] + } | 3 98 
\ Long chains + in pairs a’ + i+titi+ + | + i+|+/4+ 2+] 4+ | 4.06 
B2d |Short chains + 4 + | +] + | - | 4.66 
{Sd |Short chains a’ + + + + | + | + | 4.15 
Steam (Rerer to Tasie VI) 
Short chains +] + +/+ + | + | + 4.82 
B Short chains | a’ + - + + | 4 32 
Short chains le | + + | +] + 4+ | 4.49 
Long chains + in pairs | a’ + | +] +] | 4.66 
( Short chains a’ + +] + +} +/4+ | 44 5.00 
| Short chains a’ -| +] +4 | | 
( Short chains a’ Ba | 4 os 
\ Short chains a’ | + + + i+ + | 4 32 
B4 Short chains a’ + + + + | Tit j— | .23 
| | | 
stcam (table III) proved to be far superior immediately after milking each animal. 


to the other two methods. The total counts 
w re reduced to a minimum and the alpha 
arl alpha prime streptococci were de- 
st oyed by this procedure. The teat cups 
should be steamed for at least 30 seconds, 


After steaming, the cups should be rinsed 


in chlorine solution. 


The chlorine solution 


should be renewed at frequent intervals. 
In considering the bacteriologic results, 
it was kept in mind that the number of 
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infected animals in the herd had increased 
from 40 per cent to 60 per cent over a pe- 
riod of eight months. About 10 per cent of 
the animals could be classified as chronic 
cases of mastitis, while the remainder of 
the infected animals were subclinical cases 
of mastitis. Animals shedding alpha or 
alpha prime streptococci or hemolytic sta- 
phylococci were considered infected. How- 
ever, the predominating number of sub- 
clinical cases were infected with the alpha 
prime streptococci. The alpha and alpha 
prime streptococci have been classified 
according to Minett’s classification. When 
chlorine solution alone was used (table IV), 
19 streptococci were isolated and identified. 
Of these, 16 (84.21%) were in Minett 
group I, two (10.53%) group II, and one 
(5.26% ) group III. When clear water and 
chlorine solution were used (table V), 15 
cultures of streptococci were isolated. Four- 
teen (93.34% ) were in Minett group I, and 
one (6.66%) in group III. During steam 
and chlorine sterilization, there were no 
alpha or alpha prime streptococci isolated 
after sterilization was completed. However, 
the 20 cultures of streptococci (table VI) 
isolated were taken immediately after the 
cups were removed from the animals and 
before sterilization. Eighteen (90%) were 
in Minett group I, while two (10%) were 
in group III. Twenty-one cultures (table 
VII) were unclassified. Therefore, of the 
73 cultures of alpha and alpha prime strep- 
tococci isolated during the examination of 
the teat cups, 48 (65.75%) were Minett 


group I, two (2.74%) group II, four 
(5.48%) group III, and 21 (26.03%) un- 
classified. The organisms listed in tables 
IV-VI, classified as Minett group III, may 
be either Streptococcus faecalis or S. 
uberis, depending upon the serologic reac- 
tions, since the physiologic reactions of 
these two species in inulin and sorbitol are 
closely related. Ten cultures of hemolytic 
staphylococci were isolated during the 
course of the examination. 


SUMMARY 


1) Sixty-five animals were milked by 
machine on a farm where mastitis had 
steadily increased during the past eight 
months. 

2) Rinsing the teat cups in chlorine so- 
lution was found to be inadequate in re- 
moving the Streptococcus agalactiae from 
the teat cups. 

3) Although the numbers of viable bac- 
teria were greatly reduced when the teat 
cups were rinsed in clear water followed 
by chlorine solution, the method proved in- 
adequate to free the cups completely from 
S. agalactiae. 

4) The use of steam and chlorine rinse 
of the cups proved to be the most efficient 
method of sterilization. 


5) From the experimental data it is sug- 
gested that unless the teat cups are sub- 
jected to proper cleansing and sterilization, 
they may serve as important factors in the 
spread of bovine mastitis. 
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The Use of Gramicidin and Other Agents for the Elimination of 
the Chronic Form of Bovine Mastitis” 


R. B. LITTLE, V.M.D. (Princeton); R. J. DUBOS, Ph.D., and R. D. HOTCHKISS, Ph.D. 
(New York); C. W. BEAN, D.V.M., and W. T. MILLER, D.V.M. (Beltsville) 


[HE QUICKEST WAY to eradicate bovine mas- 
titis caused by Streptococcus agalactiae is 
to remove from the herd all animals which 
have been proved, by periodic bacteriologic 
examinations, to carry typical streptococci 
in any quarter.! However, this method is 
expensive, as often from 30 to 50 per cent 
of the herd may be infected. A more desir- 
able and less expensive method would be 
the cure of as many animals as possible and 
the elimination of only those that resist 
treatment. 


REVIEW OF LITERATURE 


It has been reported by Stableforth and 
Scorgie* that the chemotherapeutic treatment is 
an adjunct to the control of mastitis when the 
segregation of the infected cows is based on the 
cultural examination of the milk. Schalm* con- 
siders, for instance, that entozon may be use- 
ful as an agent to eliminate quickly the disease 
from herds in which the infected cows are iden- 
tified by bacteriologic methods and then segre- 
gated. Perhaps one of the most extensive proj- 
ects of this kind was started in 1929 by Steck‘ 
as a codperative program in the Canton of 
Berne (Switzerland). He reported in 1938 that 
out of 61 herds studied the disease was appar- 
ently controlled in 54. Thirty-nine of these 
herds had no infected animals; a marked im- 
provement was shown in 14, while the infection 
was unabated in one. The bactericidal agent 
most generally used was ‘“zysternal,’® which 
consists mainly of a mixture of 3, 6 diamino, 10 
methylacridiniumchlorid, and saccharose. 

It has been shown” 7 that gramicidin, an alco- 


*From the Department of Animal & Plant Path- 

‘gy, Princeton, N. J., and the Department of the 
Hospital, New York City, of The Rockefeller Insti- 

te for Medical Research; and the Animal Disease 

ition, Bureau of Animal Industry, U. S. Depart- 

nt of Agriculture, Beltsville, Md. 

Little, R. B.: J.A.V.M.A., xevii (1940), pp. 212- 


Stableforth, A. W., and Scorgie, N. J.: Vet. Rec., 

1938), p. 663. 

Schalm, O. W.: J.A.V.M.A., xevii (1940), pp. 

Steck, W.: Schweiz. Arch. Tier., Ixxx (1938), 

181-197, 250-259. 

ibid., xxviii (1936), pp. 470-474. 

Little, R. B., Dubos, R. J., and Hotchkiss, R. D.: 
Pioe. Soe. Exp. Biol. & Med., xliv (1940), p. 444. 

Thid., xlv (1940), pp. 462-463. 


hol-soluble, water-insoluble* substance isolated 
from a sporulating soil bacillus, exerted a 
marked bactericidal effect against S. agalactiae 
present in the udders of cows suffering from 
chronic mastitis. Gramicidin was compared 
with two other bactericidal agents, novoxil and 
acriflavine.. Thirty-two quarters were treated 
with gramicidin and the streptococci were 
eliminated from 21 of them (65 per cent); the 
streptococci were destroyed in ten (58 per 
cent) of 17 quarters receiving novoxil; and of 
nine quarters treated with acriflavine, seven by 
infusion and two with the dye in oil, the strep- 
tococci were eliminated from three (42 per 
cent) of the seven quarters injected with the 
aqueous solution. Of the two preparations 
which were more generally used, namely grami- 
cidin and novoxil, the former on a single treat- 
ment, with the dose properly adjusted (20 to 80 
mg.), produced less irritation in the udder. 


In May 1940 an opportunity was pre- 
sented to study the effect of the grami- 
cidin treatment for the eradication of the 
chronic form of mastitis caused by S. aga- 
lactiae in a selected herd. 


MATERIAL 


The Walker-Gordon Laboratory Company, 
Inc., Plainsboro, N. J., purchased from 18 states 
and Canada 116 purebred cows for the Borden 
exhibit at the New York World’s Fair. This 
group comprised 21 Holsteins, 23 Guernseys, 
24 Jerseys, 24 Ayrshires and 24 Brown Swiss 
cows. These were procured mainly from the 
eastern and middle western parts of the United 
States. One Holstein cow was obtained in Kan- 
sas and two Jersey cows in Mississippi. The re- 
maining animals were selected from states not 
beyond Wisconsin nor below Tennessee. Most 
of the cows had calved just before the Fair 
opened in May, while others were approaching 
term. The larger part of the consignment was 
sent directly to the Fair, whereas a few early 
shipments were delivered to Plainsboro. 
History of the Streptococcal Infections in 


*Although gramicidin is practically insoluble in 
aqueous media in the presence of electrolytes, 
stable colloidal solutions can be obtained by dilut- 
ing alcoholic solutions of the substance in distilled 
water. Glucose or glycerin do not precipitate gram- 
icidin out of its colloidal aqueous solution: these 
substances can, therefore, be used if it is desired 
to employ an isotonic medium. 

SIbid.: J.A.V.M.A., xeviii (1941), p. 189. 
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This Group of Cows.—Preliminary bacteriologic 
examinations of quarter samples of fore milk 
from the entire group of 116 cows, includ- 
ing two infected cows retained at Plainsboro, 
showed that 19 animals were harboring NS. 
agalactiae in 39 quarters. S. agalactiae was cul- 
tured from the milk of two cows only on the 
first test, while with a third cow the streptococci 
disappeared from the secretion early in June 
following five cultural examinations. Sulfanila- 
mide was administered to seven infected cows, 
and this last animal (the third cow mentioned 
above) was the only one in which the drug 
may have been responsible for the disappear- 
ance of the infection. S. uberis caused a mild 
infection in the udders of five cows. Of the 
cows infected with S. agalactiae, nine were 
treated at Plainsboro and seven at the exhibit. 
Three cows with persistent infections attrib- 
uted to S. uberis also were treated at the Fair. 


METHODS 


At the Borden exhibit the bacteriologic study 
of the milk was conducted by the authors asso- 
ciated with the Animal Disease Station, Belts- 
ville, Md. 

The cows were milked three times daily by 
machine on a “rotolactor,” the vacuum being 
maintained at 15 inches. The entire milking 
operation per cow took approximately four min- 
utes, that is, the teat cups were attached for 
that length of time. 

Before milking the udders and teats were 
washed with luke-warm water and dried with 
a sterile cloth. The fore milk was carefully 
inspected on the screened strip cup and records 
were kept of any abnormality occurring in the 
secretion or udder. Conditions were exception- 
ally favorable for the strip-cup examination of 
the fore milk as a result of good visibility and 
the elevation of the cows so that the operator 
without stooping too much had a good view of 
the milk appearing on the screen. 

The general health of the herd was under the 
direct care of a resident veterinarian. A veter- 
inarian representing the New York City Board 
of Health also made regular visits to the ex- 
hibit. To meet the requirements of the Board, 
before any cow could be admitted to the milk- 
ing line, he examined her udder and milk. The 
cows undergoing such a required inspection in- 
cluded (a) those recently freshened, (b) those 
developing either mastitis or an abnormality of 
the udder or teats, and (c) those which had 
received medication of the udder. Periodic ex- 
aminations were also made of all the cows after 
they had once passed inspection and entered 
the milking line. 

Following the preliminary survey, usually 
the milk from each cow was examined bacterio- 
logically at least twice a month. In case any 
abnormality occurred in the secretion or udder, 
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these tests were made more frequently. For 
each examination 2 to 5 cc. of the fore milk was 
collected in a sterile tube and a 1:10 dilution in 
NaCl was plated in horse- or ox-blood agar. The 
remainder was incubated for 18 to 24 hours and 
films were later prepared for a microscopic ex- 
amination. After the milk for the cultural ex. 
amination had been obtained, a second sampie 
of approximately 20 cc. was drawn into a sterile 
vial for the following tests: (a) Hotis test® (0.5 
cc. of a 0.5 per cent aqueous solution of brom- 
cresol purple to 9.5 ce. of milk), (b) hydrogen- 
ion concentration (brom-thymol-blue indicator), 
(c) the chloride content (Rosell’s method"), 
and (d) the preparation of smears for the leu- 
cocyte count (Prescott and Breed"). The 
procedures employed for the laboratory examin- 
ation of the milk of the cows treated at Plains- 
boro were essentially the same. Besides plat- 
ing the milk of the infected cows at the exhibit 
before and after treatment with commercially 
prepared agar (bacto nutrient agar, Difco), oc- 
casionally a digest agar’ employed in the labor- 
atories of the Department of Animal Pathology 
of the Rockefeller Institute was used for com- 
parison. With the exception of the two cows 
retained at Plainsboro for treatment, cultures 
from each infected quarter were sent to the 
Animal Disease Station at Beltsville for cul- 
tural and serologic study. The methods em- 
ployed for their identification were those out- 
lined by Little and Minett for the international 
classification of the mastitis streptococci. 
These examinations included the hemolytic and 
serologic identification of the strains in addi- 
tion to their reaction in litmus milk, methylene- 
blue milk, glucose, sucrose, salicin, mannite, 
trehalose, sorbitol, aesculin, sodium hippurate, 
inulin and raffinose. 

during treat- 
low- 


It should be stated here that 
ment and while the cow was isolated, a 
protein-production ration was fed and the cow 
was milked twice daily by hand. After she was 
returned to the milking line she was milked 
but twice a day on the rotolaector for the first 
week and was maintained on a low-protein-pro- 
duction ration for at least two weeks. 

In table I are given the results of the culturé 
and serologic examination of the streptococci 
obtained before treatment, from the secret 
of the 36 infected quarters. 

Of the 32 strains of S. agalactiae stud: 
which were cultivated from the udders of 
cows, 15 were beta hemolytic, producing dou 


zones in horse-blood agar. The only cultt 


*Hotis, R. P., and Miller, W. T.: USDA Cire. 
(1936). 
WRosell, J. M.: 
"Prescott, S. C., 
vii (1910), p. 632. 
"Little, R. B.: Cornell Vet., xxviii (1938), p 
“Ibid.: 30th Ann. Rpt., New York State A 
Dairy & Milk Inspectors (1939). 


Cornell Vet., xxi 
and 


(1931), p. 
Breed, R. 8.: J. Int. | 
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TABLE I—Cultural and Serologic Characters of the Streptococci Isolated Before Treatment from Affected 


Va 


Quarters 
HEMOLYSIS | 
= | Bera Bera Non- | 4 
= | Dousie | Narrow HEMO- | 
& | ZONE ZONE Lyric | 
| | @ 2 MILK Biut 
5 RF | 4 
LF | 3 B Partial + : + + 
RH | 2 | 
| LH | 2 | | ae 
2* | RF } 1 | 
LF B + + Partial + | + 1+} | | 
2 | | | | ‘Ga 
LF /1 | B + + Partial +] +] | +] 
| RH] 1 | 
| | RF ? | B + + Partial -| 4 + | + | = | | + 
a | 
7 | RF | 1 } 
LF | 3 B + Partial - | + | + 
| RH | 3 | | | 
LH | 4 | 
3 RF | 1 + Partial 
RH 2 T or or + + + + 4 
LH 1 


me quarter of one of these two cows harbored 


iations were the negative reaction of four 


strains in salicin, and of three in trehalose. Six 


el 


lysi 


neg 
st 
ivi 


ti 
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the 


i. strains produced the narrow zone of hemo- 
s and of these, two cultures also reacted 
atively in salicin. On the other hand, eleven 


rains which were regarded as being nonhemo- 


in blood agar possessed comparable cul- 


al characters and no variation was noted in 


r reaction in salicin. Serologically, all cul- 


res belonged to Lancefield’s group B. 


wtericidal Agents and Methods of Adminis- 


‘ion.—The bactericidal agents and the meth- 


employed in their administration were the 
as described in a former publication.* 
h the exception of four infections caused by 
beris in two cows, all cases were treated by 
senior author. 
otocols will be given of each treated case 
rder to present more fully the histories, 
iber of quarters infected, treatment, bacteri- 
ic determinations and the period each cow 
observed following the elimination of the 
itococci. These cases represented various 
is of chronic streptococcic mastitis the clin- 
aspects of which have been fuily discussed 
vhere.’ 


rOcoLs OF S. AGALACTIAE INFECTIONS 


w 22.—Calved before purchase. On arrival, 
njured. May 10 to 13—sulfanilamide. May 


nonhemolytic streptococci, 


14, flakes RF. May 16, mastitis. Pos. bact. May 
12, 14, 18; beta double-zone strep. RF and LH; 
chronic mastitis. RF and LH: May 25—10 cc. 
novoxil; severe reaction, fibrinous exudate, leu- 
cocytosis. June 24 to 27—sulfanilamide. June 
28—sent to Plainsboro. RF: July 2, 8, 12, 16 

80 to 160 mg. gram.-oil mix (total 400 mg.); 
pos. bact. July 20, 25, 29, Aug. 11, 15, 20—10 
to 14.5 ec. novoxil, (total 73.5 ecc.); pos. bact. 
Aug. 27, 28, 29, 30—40 to 60 mg. gram.-oil mix. 
(total 180 mg.). On 19 tests from Sept. 3 to 
Oct. 7, and on Nov. 26 and Dec. 17, 1940, and 
Jan. 14, 1941, neg. bact. LH: July 2, 6, 9, 12, 
16—80 to 160 mg. gram.-oil mix. (total 600 
mg.); pos. bact. July 20, 24, 29, Aug. 2, 11, 15, 
20—10 to 14.5 ec. novoxil (total 83.5 cc.); 


The following abbreviations have been used: 


Double-zone beta strep. Double-zone beta strep- 
tococci. 
Narrow-zone beta strep. Narrow-zone beta 


streptococci. 

Nonhem., strep. Nonhemolytice sireptococci. 

[The three above types belong to Lancefield’s 
serologic group B (S. agalactiae.).] 


Bact. = Bacteriologic examination. 

Pos. bact. = Bacteriologic examination on which 
streptococci were identified. 

Neg. bact. = Bacteriologic examination on which 
streptococci were not identified. 

Gram.-oil mix. = Alcohol solution of gramicidin 


in H,O and heavy mineral oil. 
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severe reaction, fore milk blood-tinged. Aug. 
27 to 31, daily—-40 to 80 mg. gram.-oil mix. 
(total 260 mg.); pos. bact. Sept. 4, 7, 8, 11, 12, 
13, 14—40 to 60 mg. gram.-oil mix. (total 360 
mg.); pos. bact. Sept. 25, 26, 27, 29-—850 cc. 
heavy mineral oil; pos. bact. Persistent infec- 
tion in LH. Atrophy, some drop in secretion. 
Pos. bact. Nov. 26 and Dec. 17, 


1940, and Jan. 
14, 1941. Calved May 1, 1941. Neg. bact. RH; 
pos. bact. LH. 


Cow 23—Calved June 10, 1940. Mastitis all 
quarters; bloody milk. June 10 to 30—milked 
by hand. June 12 to 20, June 28 to July 8—sul- 
fanilamide. July 1 to 10, mastitis more acute; 
all quarters moderately indurated. Pos. bact. 
June 14 (strep. in all quarters). Pos. bact. LF 
and LH only, June 22, 28, July 3, 9. Nonhem. 
strep. July 16 sent to Plainsboro. LF: July 
20, 25—120 mg. gram.-oil mix. (total 240 mg.). 
38 neg. bact. July 23 to Oct. 7. LH: July 21, 
Aug. 2, 8, 15—10-14.5 ce. novoxil (total 44.5 cc.) ; 
pos. bact. Aug. 27, Sept. 4—120 mg. gram.-oil 
mix. (total 240 mg.). Sept. 11, 12, 13, 14—40 
mg. gram.-oil mix. (total 160 mg.); pos. bact. 
Oct. 7—slaughterec. 

Cow 24.- 
mastitis RH. 


9 
1 


Calved before shipment May 10, 

May 10 to 14—sulfanilamide three 
times daily. May 12, June 22, 24, July 9, 18— 
pos. bact. (nonhem. strep.); chronic mastitis, 
slight atrophy; quarter firm. RH: July 19—120 
mg. gram.-oil mix.; pos. bact. July 20, 21. July 
24—-120 mg. gram.-oil mix.; pos. bact. July 29— 
160 mg. gram.-oil mix.; pos. bact. Aug. 2—160 
mg. gram.-oil mix.; pos. bact. Aug. 6—160 mg. 
gram.-oil] mix.; pos. bact. Aug. 10—60 mg. 
gram.-oil mix.; pos. bact. Aug. 13—60 mg. 
gram.-oil mix.; pos. bact. Aug. 16, 19, 26—14.5 
ce. novoxil (total 43.5 ec.); pos. bact. Sept. 3, 
6, 120 mg. gram.-oil mix. (total 360 mg.); 
pos. bact. Discontinued treatment, incurable, 
quarter indurated and atrophied. Slaughtered. 

Cow 25.—Calved May 6, 1940. May 11, acute 
mastitis. May 26, acetonemia treated. July 7, 
blood clot LH. Aug. 2 to 31, out of production, 
hand-milked twice daily. Mild infection RF. 
Pos. bact., beta narrow-zone strep. RF: Aug. 2 
—160 mg. gram.-oil mix. Aug. 3, p. m. milking, 
nearly complete cessation of secretion, acute 
inflammation, fluid blood-tinged. Aug. 10 im- 
proved, fore milk serous. Pos. bact. Aug. 21— 
80 mg. gram.-oil mix.; pos. bact. Aug. 26—120 
mg. gram.-oil mix.; severe reaction. Milked by 
hand, atrophy. Pos. bact. Discontinued treat- 
ment. (Aug. 2—three other cows injected same 
dose, no severe reaction.) 

Cow 26—Calved March 15, 1940. May 11, 
mastitis. May 12 to 14—sulfanilamide. June 
2—acetonemia treated. June 19—LF secretion 
altered. June 20—flakes LF; hand milked; sul- 
fanilamide. July 16 sent to Plainsboro. May 12, 
18, June 9, 19, 28, July 9, pos. bact. all quarters 
(beta double-zone strep.). Moderate induration, 
teats short, patent sphincters. RF: July 20, 29 


120 and 160 mg. gram.-oil mix. (total 280 
mg.); neg. bact. LF: July 20, 29—120 mg. 
gram.-oil mix. (total 240 mg.); neg. bact. RH: 
July 21, Aug. 2, 22—10 cc. novoxil (total 30 
cc.); fibrinous exudate 5 days; neg. bact. LH: 
July 21, Aug. 2—10 cc. novoxil (total 20 ce.); 
severe reaction; discontinued treatment. Aug 
8, 13, 16, 22—40 to 120 mg. gram.-oil mix. (to- 
tal 290 mg.); neg. bact. July 29 to Sept. 11, 32 
neg. bact. RF and LF. Aug. 22 to Sept. 11, 15 
neg. bact. RH. 14 neg. bact. LH. Returned to 
exhibit Sept. 12. Sept. 13—rotolactor 2-time 
milking. Sept. 16—flakes RH. Sept. 17—flakes 
RH and LH. Sept. 25—rotolactor 3-time milk- 
ing. Neg. bact. Oct. 5, 8, 21. 


Calved May 2, 1940. Mastitis May 
12 to June 7. Hand milked; high brom-thymol- 
blue reaction. May 10 to 14, 24, 25, 26—sulfa- 
nilamide. Pos. bact. May 14, 18, June 1 (non- 
hem. strep.), all quarters; infection milder in 
rear quarters; moderate induration; teats 
patent. June 7 sent to Plainsboro. RF: June 
10—infusion 160 mg. gramicidin; 10 neg. bact. 
LF: June 13, 18, 24—15 to 40 mg. gramicidin 
in 10 ce. H.O (total 75 mg.). June 29—40 mg. 
gram.-oil mix.; 12 neg. bact. RH: June 13—10 
ec. novoxil; severe reaction; fibrinous exudate 
5 days. 16 neg. bact. LH: June 29—120 meg. 
gram.-oil mix.; 12 neg. bact. July 16—returned 
to exhibit. July 18—rotolactor 2-time milking. 
Aug. 25—blood clot LF. Oct. 11—bloody milk 
RF. Milked by hand 2 days. Neg. bact. all 
quarters July 18, Aug. 9, 24, 25, 28, Sept. 16, 23, 
Oct. 8, 18. Slight atrophy LF and RH. 


Cow 28.—Calved May 8, 1940; retained pla- 
centa. May 14—sulfanilamide 3 times daily. 
Pos. bact. May 12, 14, June 9 (beta double-zone 
strep.); mild infection LF. June 15—sent to 
Plainsboro. Acetonemia treated. June 24—20 
mg. gramicidin in 20 cc. HO. June 29, July 6 
40 mg. gram.-oil mix. (total 80 mg.); pos. bact. 
July 12—40 mg. gram.-oil mix.; neg. bact. June 
21—nonhem. strep. appeared in LH. LH: July 
3—40 mg. gram.-oil mix.; neg. bact. July 14, 
15, 16, July 17—returned to exhibit. July 18— 
rotolactor 2-time milking. LF slightly indu- 
rated; cow nervous occasionally, stripped by 
hand. Aug. 6—RF swollen, secretion slightly 
altered. Neg. bact. July 18, Aug. 3, 24, Sept. 5, 
16, 28, Oct. 10, 21. 


Cow 27. 


Cow 29—Calved April 30, 1940. Held at 
Plainsboro for treatment. May 2, 6—pos. bact. 
RF, LF, RH (beta narrow-zone strep.). RH 
indurated; atrophy. RF and LF moderately so. 
RF: May 14—infused with 200 mg. gramicidin; 
neg. bact. LF: May 16, June 5—infused with 
160 mg. gramicidin (total 320 mg.); neg. bact. 
RH: May 8, 20, 27—infused with 160 mg. grami- 
cidin (total 480 mg.); pos. bact. June 5, 10--10 
ce. novoxil (total 20 ce.); neg. bact. June 14, 
returned to exhibit. June 18, rotolactor 2-time 
milking. Neg. bact. June 16, 22, 28, July 9, 18, 
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.ug. 4, 24, Sept. 5, 16, 29, Oct. 10, 21, Nov. 6, 
{, 27, Dee. 17. RH atrophied. 


Cow 30.—Caived April 29, 1940. Pos. bact. LF 
eta double-zone strep.) May 12, 19, 30, July 
is. 19, 29. Chronic mastitis, moderate indur- 
ation. July 18, infection appeared RF. LF and 
RF: July 29—160 mg. gram.-oil mix. (total 
20 mg.); Aug. 2, 3, 4—LF fore milk slightly 
»lood-tinged. Aug. 10—rotolactor 2-time milk- 
ng. Aug. 12, Sept. 2, 3, 4—flakes fore milk 
LF; RF normal. Neg. bact. Aug. 1-5, 8, 9, 11, 
12, 15, 24, Sept. 16, 23, Oct. 10, 18. 


Cow 31.—Calved before purchase. Pos. bact. 
RF and LF (beta narrow-zone strep.) May 20, 
25, June 1. Quarters moderately indurated; pH, 
chlorides, and cell counts high. June 7 sent to 
Plainsboro. RF and LF: June 10, 19—10 ce. 
novoxil (total 40 cc.); severe reaction, fibrinous 
exudate, leucocytosis, quarters tender at milk- 
ing for 2 weeks after last injection. 10 neg. 
hbact. June 27—returned to exhibit. Neg. bact. 
June 29, July 3, 9, 12, 18, Aug. 3, 19, 24, 28, 
Sept. 16, 28, Oct. 10, 21. (Pos. bact. LF on July 
9, same cultural and serologic type of strep.). 
Both quarters, Staphylococcus aureus. July 12, 
flakes RF, LF; Aug. 2, thick milk LF; same RF 
on 19th; flakes RF Aug. 27, Sept. 16, 17, Oct. 
8, 20, 24. 


Cow 32.—Calved May 20, 1940. May 23, ace- 
tonemia treated. May 26, June 6, 21, July 9, 17, 
18, 19, 20—pos. bact. RF, RH, and LH (chronic 
infection, beta double-zone strep.). Moderate 
induration, teat sphincters patent. July 17 sent 
to Plainsboro. RF and LH: July 20—120 mg. 
gram.-oil mix.; RH: same on July 21 (total 360 
mg.). Neg. bact. July 23-27, 29-31, Aug. 1-5. 
Aug. 5, returned to exhibit. Neg. bact. Aug. 24, 
Sept. 5, 16, 21, 24, Oct. 10, 21. 


Cow 33.—Calved April 26, 1940. May 23, flakes 
RH. May 24-26—sulfanilamide. Pos. bact. May 
12, 18, June 7, 9, 28 (beta double-zone strep.), 
LF and RH, chronic infection and moderate in- 
duration. RH and LF: July 19—120 mg. gram.- 
oil mix, (total 240 mg.). Aug. 22, blood clot 
passed from LH. Neg. bact. July 20-23, 25-29. 
July 29—rotolactor 2-time milking. Neg. bact. 
Aug. 1-6, 9, 24, Sept. 7, 16, Oct. 5, 10, 18, Nov. 6, 
9, 27, Dee. 17, 1940, and Jan. 14, 1941. Slight 
atrophy RH. 


Cow 34—Calved before purchase. May 8, 
acute mastitis LF, possible injury during tran- 
sit. May 13 to 15—sulfanilamide. July 1-6 and 

—mastitis in LF. Pos. bact. May 12, 18, 25, 
June 14, July 8, 9, 12, 19, 24 (nonhem. strep.). 
Slight atrophy of quarter, firm. Since arrival 
milked on rotolactor 2 weeks. LF: July 24— 
120 mg. gram.-oil mix. Neg. bact. on July 25, 
2, 28, 29, Aug. 1-4 (rotolactor 2-time milking), 

6 (3-time milking), 9, 24, Sept. 7, 16, Oct. 5, 
S, 21, Nov. 6, 27, and Dec. 17, 1940, and Jan. 14, 
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1941. No alteration in character of secretion 
following treatment. Milked on rotolactor Aug. 
4 to Oct. 27. Quarter slightly atrophied. Calved 
May 7, 1941; neg. bact. 


Cow 35—Calved April 26, 1940. Pos. bact. 
RH (nonhem. strep.) May 12, 18, 25, June 9, 
July 9, 12, Aug. 2. Mildly chronic mastitis. 1st 
examination, strep. detected RF; neg. bact. 
thereafter. RH: Aug. 2—160 mg. gram.-oil mix. 
Neg. bact. Aug. 4, 5, 8, 9, 10 (2-time milking on 
rotolactor), 11, 12, 13, 24, 29, Sept. 16, 28, Oct. 
10, 18, Nov. 6. 


Cow 36.—Calved April 26, 1940. Pos. bact. LH 
(nonhem. strep.) May 12, 17, June 8, July 9, 24. 
Chronic mastitis LH. July 14, 21—bloody milk 
and blood clots. LH: July 24—120 mg. gram.- 
oil mix.; neg. bact. July 25, 26, 28, 29, Aug. 1, 
2. Aug. 3—rotolactor 2-time milking. Aug. 5, 
12—RF blood clot, Neg. bact. Aug. 9, 24, Sept. 
16, Oct. 8, 19, Nov. 6 and 9. 


Cow 37.—Calved Feb. 18, 1940. Retained at 
Plainsboro for treatment. Pos. bact. May 2, 6. 
Chronic mastitis RF, moderate fibrosis, quarter 
firm. (Beta double-zone strep.) RF: May 8, 19 
infused with 166 and 200 mg. gramicidin (total 
360 mg.); neg. bact. May 23-29, 31, June 1. 
June 6—to exhibit. Neg. bact. June 14, 22, 28, 
July 3, 18, Aug. 9, 24, 25, Sept. 7, 16, Oct. 5, 8, 
Nov. 6. 


PROTOCOLS OF S. UBERIS INFECTIONS 


Cow 38.—Calved March 26. Pos. bact. May 12, 
17, June 8, July 9, 18, 24. Chronic infection S. 
uberis. RF, July 20, flaky milk. RF: July 24, 
29, Aug. 2, 6, 10, 13—60 to 160 mg. gram.-oil 
mix. (total 740 mg.); pos. bact. Aug. 16, 21, 26, 
27, Sept. 3, 4—10 to 14.5 ec. novoxil (total 82.5 
cc.); pos. bact. Incurable, discontinued treat- 
ment. Quarter indurated. 


Cow 39.—Calved April 26, 1940. Pos. bact. May 
14, 18, 26, June 8, July 9, Aug. 9. Chronic infec- 
tion RH, 8. wheris. RH: Aug. 16—100 mg. gram.- 
oil mix. Neg. bact. Aug. 17-19. Pos. bact. Aug. 20. 
Aug. 21—100 mg. gram.-oil mix. Neg. bact. Aug. 
22, 23, 25, 27-30. Sept. 1, rotolactor 2-time milk- 
ing. Neg. bact. Aug. 2, 5, 8, 16, Oct. 5, 8, 21. 


Cow 40.—Calved May 5, 1940. Mastitis RH 
and LH quarters. Flaky milk. Hand milked. 
June 11-20, sulfanilamide 3 times daily. Pos. 
bact. July 18. S. uberis in RH and LH. RH and 
LH: July 19—120 mg. gram.-oil mix. (total 240 
mg.); pos. bact. July 24, 29, Aug. 6—120 to 160 
mg. gram.-oil mix. (total 800 mg.); pos. bact. 
RH: Aug. 10, 13, 21, 26, Sept. 3—10-14.5 cc. 
novoxil (total 63.5 cc.); pos. bact. LH: Aug. 
16—10 cc. novoxil; pos. bact. Aug. 11, Sept. 
19-25—-sulfanilamide. Sept. 15, RF shedding 
strep. (S. uberis). Pos. bact. Nov. 6 and 27 for 
RF, RH, and LH. 
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COMMENT 


Twenty-eight of the 32 infected quarters 
were treated with gramicidin, and the strep- 
tococci were destroyed in 14 on a single 
injection; nine quarters required additional 
treatments. The streptococci were not 
eliminated from five quarters after repeated 
medication. One quarter treated twice with 


novoxil* responded to gramicidin in oil. 


Of the different breeds of cattle receiving 
the various bactericidal agents it was found 
that Ayrshires always reacted more se- 
verely than other breeds. This fact was 
observed not only in the World’s Fair cattle, 
but in an Ayrshire cow treated in another 
herd. Following treatment with 120 mg. of 
gramicidin in oil the fore milk given by 
cows of this breed was often blood-tinged 
on the second and third days, with a marked 
change in the character of the secretion. 
This breed difference in the reaction of the 
udder to gramicidin is illustrated by the 
fact that at the same time the right fore 
quarter of cow 25 (see protocol, severe 
reaction) was treated, similar injections 
were made into a quarter each of a Brown 
Swiss and of a Jersey cow, resulting in 
these cases only in a mild reaction. If 
more than one quarter of an Ayrshire cow 
was involved, it took much longer to clear 
up the infection than with other breeds. 

From the protocols it will be noted that 
with some treated quarters occasionally 
small clots of blood were detected in the 
fore milk. This also was observed in un- 
treated quarters of other cows; hence, the 
significance of this observation is not clear. 

In all, 10 of the 32 quarters were in- 
jected with novoxil, and the streptococci 
were eliminated from five. A single in- 
jection was sufficient in two cows, one of 
which had previously been infused with 
gramicidin. In three other quarters, origi- 
nally treated with gramicidin in water, .wo 
and three injections were necessary to 
destroy the streptococci. In only one in- 
stance was novoxil effective in the elimina- 
tion of the streptococci on a single treat- 
ment in a quarter which had received no 


*The supply of novoxil liquid for this study was 
made available to the Walker-Gordon Laboratory 
Company, Inc., by E. R. Squibb and Sons. 
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other medication. The streptococci per- 
sisted in five quarters following two or 
more treatments, but with two of three 
quarters the organisms were finally de- 
stroyed with the gramicidin-oil mixture. 

Three cows with four quarters infected 
with S. uberis were treated with gramicidin 
and novoxil. Both of these agents were 
ineffective in destroying the streptococci in 
a single quarter of cow 38 and in two quar- 
ters of cow 40. Repeated treatments with 
gramicidin were necessary to sterilize the 
right hind quarter of cow 39. 


THE EFFECT OF CHEMOTHERAPY 
ON MILK YIELD 

At a peak production, any disturbance to 
the cow, such as changes in environment 
or milking periods, or the maintenance on 
a low-protein ration, may result in a low- 
ered milk yield during the remainder of 
the lactation period. 

In only two cases, following the elimina- 
tion of the streptococci from the affected 
quarters, was the treatment directly re- 
sponsible for a reduction in milk yield. 
The quarter of cow 25 was severely dam- 
aged by the treatment. Cow 4 calved in 
March, and during July and August she 
was at Plainsboro being milked twice daily 
and fed a low-protein ration. Furthermore, 
four quarters were affected, so it was not 
anticipated that following this inactive pe- 
riod of two months she again would ap- 
proach her former milk yield. 

From July through September there oc- 
curred a gradual drop in milk production 
of the entire herd. In June, 108 cows 
produced 147,993.5 lb. of milk. In July 
110 cows produced 141,957.8 lb. In August, 
111 cows produced 130,135.7 lb. In Sep- 
tember, 111 cows produced 119,804.3 lb. 
In 23 days of October, 113 cows produced 
86,252.9 lb. (The total milk productic: 
for May is not given, since many of t! 
cows calved and were in the milking lin« 
only part of that month.) 

Although chemotherapy did not affect t: 
milk yield of the majority of the cov’s 
treated, there were other reasons for th's 
lowered herd production. Besides the effé 
of the advancing lactation in some co\.5 
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alved before the Fair opened), a period 

extremely hot weather which occurred 

July affected the production of the entire 
herd, and a number of untreated cows failed 
ater to approach their previous production 
r cords. 


DISCUSSION 

This report illustrates well what can be 
accomplished in a herd by the cultural ex- 
amination of the milk from each cow and 
the treatment of the infected quarters. In 
16 infected cows the streptococci were ap- 
parently destroyed in 12 (75 per cent), thus 
necessitating the disposal of only four cows 
3 per cent) of the entire herd to eliminate 
the infection completely in this group of 
animals. Thirty-two quarters of the 16 
cows were harboring S. agalactiae, and the 
organism was eliminated from 28 quarters 
87 per cent). Several of the cows treated 
at the World’s Fair exhibit with the gram- 
icidin-oil mixture were kept out of produc- 
tion for only eight or ten days, although 
some had two quarters involved. 


If any medication of the udder is to be 


regarded as successful, the causative or- 
ganisms associated with the disease must 


be destroyed and, furthermore, the cow 
must be left in a condition suitable for the 
production of a high-quality milk. Ob- 
viously then, to determine whether she is 
fit for further service in a milking herd 
depends on (a) the results of the bacterio- 
logic examination of the secretion, (b) the 
physical condition of the udder, and (c) the 
macroscopic appearance (flakes, etc.) of the 
milk. In reviewing the results of chemo- 
therapy on bovine mastitis, Minett’s'* re- 
marks are pertinent to this phase of the 
problem: “(My final remarks are concerned 
with therapeutic treatment, which has 
come to the fore very much during the past 
f-w years and which, in selected cases, can 
bs said to be very promising. I would make 
clear that, in referring to successful 
eatment, I mean a complete killing or 
rilization of the disease-producing strep- 
‘occi in the udder—a matter which can 
decided only by subsequent laberatory 


‘Minett. F. C.: J. Farmers Club, Part 6 (1938). 


examination of the milk. Nothing short of 
this can suffice.” 

From the methods and the protocols of 
the cases presented in the present study it 
will be noted that the milk of each cow 
was carefully studied before and after 
treatment by a combination of selective 
cultural tests. Nos. 29 and 37 were ob- 
served for nearly six months, following the 
elimination of the streptococci. In only 
one case, cow 26, was the milk examined 
for less than three months, but repeated 
tests of the secretion from separate quar- 
ters of this animal had been made while 
she was at Plainsboro. If the quarters of 
the twelve cows had not been completely 
sterilized, and if small numbers of strepto- 
cocci had been shed in the milk, it seems 
reasonable to assume that they would have 
been detected by the series of cultural tests 
which were conducted immediately follow- 
ing the treatments or on subsequent exam- 
inations made at least twice a month for 
periods of three months or longer. The one 
exception was that on July 9, small numbers 
of streptococci (same cultural and serologic 
grouping) appeared only in the secretion 
of cow 31 from the ieft fore quarter pre- 
viously treated with novoxil. 

It is realized that this group of cows 
was maintained under exceptionally good 
conditions and that the bacteriologic tests 
were applied to the milk from individual 
animals more frequently than would be done 
in most herds. This was an experimental 
project; therefore, the milk was studied 
more carefully than it could have been in 
the actual application of these methods in 
the field. 


The number of infections of the udder 
caused by S. uberis treated with the grami- 
cidin-oil mixture is too small to warrant a 
statement concerning the efficacy of this 
treatment. In the present study S. uberis 
was eliminated in the udder of only one 
of the three cows treated; novoxil was also 
ineffective in the treatment of quarters 
which had previously received gramicidin. 
It may be of interest to mention that in 
similar infections treated by one of us 
(R. B. L.) prior to the introduction of 
gramicidin, the streptococci were success- 
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fully eliminated in five out of seven quar- 
ters by the infusion of the infected quarters 
with a 1:4,000 concentration of acriflavin. 
It is possible, therefore, that the S. uberis 
infections may be situated in areas of the 
udder which are not readily accessible to 
the small volumes of the gramicidin-oil 
mixtures. In fact, Minett,'° Plastridge, 
Ferguson" and Little have pointed out 
that infections caused by S. uberis are fre- 
quently of a transitory and benign nature; 
however, occasionally the presence of these 
streptococci in the udder results in a severe 
mastitis. 

In the treatment of bovine mastitis via 
the teat canal, it is important to consider 
the length of time the chemotherapeutic 
agent may render the milk unfit for human 
consumption. In this respect, it is of in- 
terest to point out that gramicidin does not 
appear to elicit any toxic reaction when 
administered by the oral route. Several 
milligrams of the substance have been re- 
peatedly fed to mice and guinea pigs for 
several days without detectable untoward 
effects. In fact, large quantities of live 


peptone cultures of the organism which 
produces gramicidin have been fed to mice 


and guinea pigs without affecting the 
weight curves of these animals.“° Finally, 
it may be mentioned that different species 
of sporulating bacilli capable of producing 
gramicidin are common components of the 
normal bacteriologic flora of several types 
of cheese and may, in fact, play a part in 
the ripening process of these dairy prod- 
ucts.?° 

It is clear that much remains to be 
learned concerning the mode of action of 
gramicidin and, therefore, concerning the 
12th Int. Vet. Cong., ii 


UMinett, C.: Proce, 


(1934), p. 511. 


“Plastridge, W. N., Anderson, E. 0O., Brigham, 
G. D., and Spaulding, E. H.: Connecticut Agr. Exp. 
Sta. Bul. 195 (1934). 


Ferguson, J.: Cornell Vet., xxviii (1938), p. 
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“{bid.: J.A.V.M.A., xciv (1939), pp. 496-500. 


“Dubos, R. J., and Hotchkiss, R. D.: J. 
Med., Ixxiii (1941), p. 629. 


Cornell Vet., xxx (1940), pp. 482- 
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proper method of treatment. In this re- 
spect it is of interest to point out that 
emulsions of alcoholic solutions of grami- 
cidin in oil appear to be totally ineffective 
in the mouse unless a proper amount of 
water is added to the emulsion. It is possi- 
ble that the kind of streptococcus respon- 
sible for the infection, the pathologic char- 
acter of the disease and the general climatic 
conditions under which medication is 
administered may make it necessary to 
adapt the method of treatment to each indi- 
vidual case, and that in selected cases the 
dilute aqueous solution of gramicidin may 
offer advantages the gramicidin-oil 
mixture. 


over 


SUMMARY 


It has been shown that in the eradica- 
tion of the chronic form of bovine mastitis 
-aused by Streptococcus agalactiae in a herd 
in which the milk from individual cows was 
culturally examined, the chemotherapeutic 
treatment of the early or mildly infected 
cows was useful in the elimination of the 
infection. 

Of the 116 cows in the herd, 16 were 
infected, and the streptococci were elim- 
inated from twelve by chemotherapeutic 
treatment, thus necessitating the disposal 
of only four cows to eradicate the infection. 

Twenty-eight of the 32 infected quarters 
were treated with gramicidin, of which 23 
were sterilized. Ten quarters were treated 
with novoxil, and the streptococci were 
eliminated from five. 30th bactericidal 
agents were injected directly into the in- 
fected quarter via the teat canal. In only 
one instance was a quarter severely dam- 
aged by gramicidin. This was a case un- 
successfully treated in which it was neces- 
sary to discontinue further medication. 

In general the reaction of the udder to 
the injection of from 20 to 80 mg. of the 
gramicidin-oil mixture was so mild that it 
was possible to repeat the treatments on 
the second or third day. In some instances 
from 20 to 40 mg. was injected daily on 
four consecutive days without causing a se- 
vere reaction, 
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Efficiency of the Microscopic Examination of Incubated Milk 


Samples for the Detection of Mastitis Streptococci” 


ALBERT L. KLECKNER, Ph.D. 
Philadelphia, Pa. 


THE NEED FOR a rapid, convenient and low 
cost yet reliable method of detecting the 
streptococci most commonly associated with 
catarrhal (chronic) mastitis is becoming in- 
creasingly apparent as the control of this 
disease is gaining more attention. Many 
tests have been devised and advocated for 
the diagnosis of mastitis in the dairy cow, 
but the majority of them are of little value 
because they work on an indirect principle. 
The greatest objection to such tests is the 
large numbers of false positive results ob- 
tained. Abnormal composition of milk is 
not confined to infection in the udder but 
may be due to various physiological condi- 
tions of the cow.'-*® In addition, the infec- 
tious agent may be present in the udder 
and may be shed in the milk and yet the 
composition of the milk may remain within 
the limits generally considered as normal.!: * 

Of the three common groups of mastitis 
streptococci, Streptococcus agalactiae is 
most frequently found. Methods whereby 
these organisms can be isolated and iden- 


*From the School of Veterinary Medicine, Uni- 
versity of Pennsylvania; presented before the Sec- 
tion on Research at the 77th annual meeting of the 
American Veterinary Medical Association, Wash- 
ington, D. C., August 26-30, 1940. 

This investigation was supported by the Bureau 
of Animal Industry, U. S. Department of Agricul- 
ture; Pennsylvania State Department of Agricul- 
ture; Pennsylvania State Department of Health; 
and the University of Pennsylvania, the latter be- 
ng assisted by contributions from herd owners and 
milk distributors. 
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tified by cultural, biochemic and serologic 
procedures would obviously be the most 
reliable. Such methods are not practicable 
because they are time-consuming and re- 
quire a large amount of laboratory equip- 
ment and a trained personnel. Except for 
special or research purposes the expense 
involved is prohibitive. 

A more rapid and convenient direct 
method has recently been gaining atten- 
tion. !4 This method was first recom- 
mended by Baker and Breed!® in 1920. It 
consists of the microscopic examination of 
the milk samples after a period of incuba- 
tion. The milk samples should be obtained 
from the cow with precaution against out- 
side contamination, since contamination of 
the samples with saprophytic streptococci 
may complicate the interpretation of the 
test. 


®Rosell, J. M.: The _ bacteriology of chronic 
streptococcic mastitis. Cornell Vet., xxi (1931), p. 
317. 
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METHODS 


The data reported in this paper were ob- 
tained in the examination by the blood-agar 
plate method and by microscopic examination 
after incubation of milk samples from three 
herds being used in another experiment. 
Routine monthly, bimonthly or trimonthly vis- 
its were made to each farm and quarter sam- 
ples of milk were obtained from each cow in 
milk. The udders and flanks were thoroughly 
wiped with a moist cloth and the ends of the 
teats were wiped with swabs of cotton saturated 
with alcohol. The first few streams of milk 
from each quarter were discarded, after which 
10 to 30 ce. of the milk was collected in a 
sterile container. When necessary, the samples 
were iced until the laboratory examination was 
made. Sufficient milk was removed from the 
sample and plated in 1 to 100 dilution on 
bovine blood agar, after which the milk sam- 
ples were incubated for 16 to 18 hours at 37 C. 
The blood-agar plates were incubated for 48 
hours at 37 C. and then examined. Any sus- 
picious colonies were “picked off” and exam- 
ined culturally and biochemically for identi- 
fication, according to the methods outlined by 
Minett et al. Breed-Prescott smears were made 
from the incubated samples and examined for 
leucocyte count and the types of organisms 
present. 
only when 
streptococci 


A cow was classed infected 
organisms identified as mastitis 
were isolated from the blood-agar plates. Ani- 
mals showing a suspicion of infection were 
sampled again as soon as possible for confirma: 
tion. Cows whose samples were negative on 
blood agar but which showed streptococci on 
the smears were also sampled again for con- 
firmation. 


as 


RESULTS 

Table I shows the results of the micro- 
scopic examination as compared with the 
results obtained from the blood-agar plates 
in cows with quarters known to be free from 
mastitis streptococci. The striking differ- 
ence in the percentage of false positives 
in the three herds may be due in a large 
part to the difference in stable methods. 
In herd G cows were stabled and milked 
under ideal conditions; they were cleaned 
before milking and the stable air was rela- 
tively free from dust. In herd H the stable 
practices were good, but opportunities for 
external contamination of the milk during 
sampling were greater than in herd G. In 
herd F these conditions generally were not 
found and contamination from the coat of 
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the animal or from dust was difficult to 
avoid. 

Although the percentage of false posi- 
tives reported here for the three herds 
varied from 0.7 to 4.7 per cent, the maxi- 
mum figure is quite some less than that 
of 13.5 per cent as reported by Plastridge 
and Anderson.'” Fay!'® states that the micro- 
scopic examination gave false positive re- 
sults in 9 per cent of the tests in cows that 
were free from mastitis. Shaw, Hansen 
and Nutting!’ state that the microscopic 
examination was positive in 7.1 per cent of 
the samples “taken from cows definitely 
free from mastitis.” Slanetz and Naghski'! 
also state that the microscopic examination 
is not 100 per cent efficient, owing to the 
occasional saprophytic streptococci found in 
the samples. 

Table II cornpares the results of the 
microscopic examination method with those 
obtained from the blood-agar plates in cows 
with quarters known to be infected with 
mastitis streptococci. The efficiency of the 
blood-agar plate method was nearly the 
same for all herds in detecting S. agalactia 
infection. The lower efficiency for infec- 
tions of groups II and III is not of great 
significance since there were only a few 
such infections. 

All dilution plating methods have certain 
weaknesses or disadvantages and in this 
case the blood-agar plate method seems to 
be no exception. Such factors as the com- 
position of the medium, reaction of the 
medium and dilution may act to prevent 
growth of the organisms. Table II does 
not show it, but it is interesting to note 
that in no instance in herds F and H and 
in only three instances in herd G were 
positive blood-agar and negative 
microscopic examinations found (0.3 
cent false negatives). 

The findings as reported in table II 
in general agreement with those of Br 
and Devereux,'! who state that the bl 
agar plate detected 92.5 per cent of 
samples positive to the microscopic exa ni 
nation. In another experiment carried 
on known-infected cows, they found that 
blood-agar plates detected approximately 
per cent of the samples positive to 
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TALE |—Comparison of the Results of the Microscopic 


Examination with the Blood-Agar Plate in Cows with 


Known Noninfected Quarters 


| | NuMBER 


Microscopic Exam. 


ee 
Numper | Pertop or | NuMBER OF | QuaRTER | BLoop- 
Herp Cows |Examination) Routine | SAMPLES AGAR | NumBer | Per Cent 
ExaMInepD | (YEARS) | Exams. EXAMINED PLATES SAMPLES | FALSE 
Pos. Str.* | Posirives 
35 24 20 1635 Neg. 78 47 
G 69 14 10 1843 Neg. 12 0.7 
108 1 1/6 5 2318 Neg. 78 3.3 
rotal 212 5796 Neg. 168 2.9 


saprophytic forms of streptococci. 


microscopic test. Slanetz and Naghski" re- 
port that the blood-agar plate method de- 
tected “92 per cent of the quarters infected 
with mastitis streptococci as determined 
by the microscopic test.” On the other 
hand, Plastridge and Anderson!’ report 
that the blood-agar plates detected only 76 
per cent of the samples “from quarters 
showing laboratory evidence of mastitis,” 
whereas the microscopic examination was 
positive in 98.7 per cent of these samples. 
Shaw, Hansen and Nutting!* found that the 
blood-agar plates detected “hemolytic bac- 
teria in 82.5 per cent of the samples ob- 
tained from cows secreting milk abnormal 
in appearance and 25 per cent of the milk 


samples from cows having mild chronic 
mastitis.” They also state that the micro- 
scopic examination detected “streptococci in 
92.5 per cent of the samples taken from 
cows giving abnormal milk” and in “36.6 
per cent of the samples taken from cows 
having mild chronic mastitis.” Fay'* states 
that the microscopic examination detected 
96 per cent of the positive cases of mas- 
titis and failed in only 4 per cent. The 
results reported for the efficiency of the 
microscopic examination are somewhat 
lower than was found in these experiments, 
where the microscopic examination was 
approximately 100 per cent efficient. 

With an efficiency of nearly 100 per cent, 


TABLE Il—Comparison of the Results of the Microscopic Examination with the Blood-Agar Plate in Cows 


| | 


NUMBER 


with Quarters Known to Be Infected with Mastitis Streptococci 


BLoop-AGAR PLATES 


Micro. 


Srr. | Numper | Numper | Quarter | Exam. 


bp) Group | Cows 


(Minetr) | EXAMINED 


| 


S. agal. 13 36 370 
Il & III 4 6 35 
Total 17 | 42 405 

S.agal. | 15 41 146 
Il & Ill Ss 15 41 
Total 23 | 56 187 

S.agal. | 36 | 98 442 
Il & III | 6 7 33 
Total 42 | 105 475 
Total | 

| All Herds | 82 203 | 1067 


|} QUARTERS | SAMPLES Pos. FoR | NuMBER | Per Cent) Erriciency 
INFECTED | EXAMINED Str. SAMPLES FALSE (Per Cent 


| Pos. Str. | NEGATIVES 


370 337 8.9 91.1 


35 21 400 | 60.0 
405 358 11.6 88.4 
143 139 4.8 95.2 

a 36 12.2 87.8 

| 184 175 6.4 93.6 

11.5 88.5 

| 33 | 2 | 33.3 | 66.6 

|} 475 | 413 | 13.1 | 86.9 

| | 

| 1064 | 946 | 11.3 88.7 


| 
| 
| 
| 
| | 
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it would appear that the microscopic exam- 
ination of quarter samples after incubation 
serves as a convenient and rapid method 
for detecting infection due to mastitis 
streptococci. This method should not be 
used alone, however, in a program of segre- 
gation for the control of bovine mastitis, 
since the complete identification of the 
organisms can not be made. Such identi- 
fication is of importance, because cows in- 
fected with Minett’s group II or III mas- 
titis streptococci should not be grouped 
with infected with S. agalactiae. 
Group II and III infections disappear 
frequently, while S. agalactiae infections 
rarely disappear. Therefore, cows infected 
with either of the former types of strepto- 
cocci should not be exposed to possible in- 
fection due to S. agalactiae. In addition, 
group II and III streptococci apparently do 
not possess the contagious character which 
is found with S. agalactiae, but appear 
sporadically throughout the herd. It is ad- 
then, to examine culturally the 


visable, 


incubated samples which are positive on 
microscopic examination. 


COMPOSITE SAMPLES 


The search for a rapid test to detect strep- 
tococcie infections led to an experiment to test 
the efficiency of the microscopic examination of 
composite samples. The samples were obtained 
from a herd which had been divided into non- 
infected and infected groups by means of ex- 
aminations of quarter samples at monthly in- 
tervals. 

The milk samples were collected with precau- 
tion against external contamination as de- 
scribed above for the collection of quarter sam- 
ples, except that an equal quantity of the first 
milk from each quarter was collected in a 
single sterile container. The samples were in- 
cubated for 16 to 18 hours at 37 C.  Breed- 
Prescott smears made from these incubated 
samples were then examined for the predom- 
inating types of organisms and the number 
of leucocytes. Cows whose samples showed 
streptococci were sampled again as soon as pos- 
sible by the quarter-sample method. The milk 
was plated on bovine blood agar so that the 
streptococci, if of mastitis types, could be iso- 
lated and identified. 


DISCUSSION 


Out of 464 composite samples from 85 
cows in the noninfected group, those from 
five cows showed evidence of infection. 
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Quarter samples from the five cows proved 
to be positive for infection as evidenced by 
the isolation and identification of S. agalac- 
tiae from the blood-agar plates. These were 
apparently new infections. Occasional 
composite samples were obtained from cows 
in the infected group. The majority of 
these cows had only a slight infection in 
one or two quarters. In all instances such 
samples were positive for infection on 
microscopic examination. The effectiveness 
of the composite test was checked on several 
occasions by obtaining quarter samples at 
intervals of three months from all cows in 
the herd. No evidence of missed infection 
was noted in any of these surveys. 

Perhaps owing to the limited scope of 
this investigation, the results should be 
considered only as preliminary findings. 
Nevertheless, the microscopic examination 
of composite samples seems to be a relia- 
ble method for the detection of streptococcic 
infection. Such a method is more practical 
than quarter sampling, since less labor 
and equipment are required. The time 
saved by this method would make it possible 
to examine more herds. 


SUMMARY 

The efficiency of the microscopic exam- 
ination of quarter samples of milk after in- 
cubation is compared with the blood-agar 
plate method. In cows with quarters free 
from mastitis streptococci, the microscopic 
test showed 2.9 per cent false positives, due 
to the presence of saprophytic streptococci 
in occasional samples. In quarter samples 
from cows with known-infected quarters, 
the blood-agar plate method failed to detect 
mastitis streptococcus infection in 11.3 per 
cent of the samples tested, making it ap- 
proximately 87 per cent efficient as com- 
pared with the approximately 100 per cent 
efficiency (0.3 per cent false negatives) of 
the microscopic examination. 

Out of 464 composite samples collected 
from 85 cows classed as noninfected on 
prior examinations of quarter samples, 
those from five cows showed evidence of in- 
fection on microscopic examination after 
incubation. This was confirmed by the 
isolation of Streptococcus agalactiae from 
the blood-agar plates made from quarter 
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The Influence of an Udder Coccus upon the Activity of Mastitis 
Streptococci in Milk’ 


W. D. POUNDEN, D.V.M., M.S., and M. M. JOHNSON, M.S. 


Madison, Wis. 


THE GROWTH of various streptococci in 
milk is known to be influenced by the pres- 
ence of other organisms.':* The purpose 
of this paper is to report the observation 
of an udder coccus that was capable of 
favorably influencing the activity of mas- 
titis streptococci (Streptococcus agalactiae) 
in milk samples from a number of cows. 


METHODS 


Each sample was tested by the Hotis test.* 
This test is based upon acid formation by 
chains of the cocci, which under the conditions 
of the test are generally recognized to form 
small flakes or balls of growth on the side of 
the tube and locally change the color of brom- 
cresol purple added to the original milk sample. 
Additions were made to the Hotis tests of a 
24-hour-old broth culture of a coccus isolated 
from a normal udder. This organism, which 
resembled Staphylococcus albus, produced large, 

*From the Department of Veterinary Science 
nd the Department of Agricultural Bacteriology, 
University of Wisconsin, in coéperation with the 
Bureau of Animal Industry, U. S. Department of 
\griculture, 

Cox, G. A., and Whitehead, H. R.: J. Dairy 
Res., ii (1931), p. 164. 

Hammer, B. W.: 
63 (1920). 

Hotis, R. P., and 
100 (Aug. 1936). 


Iowa Agr. Exp. Sta. Res. Bul. 


Miller, W. T.: USDA Cire. 
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samples obtained from these cows shortly 
after the microscopic examinations were 
made. These were apparently new infec- 
tions. Composite samples from known- 
infected cows were all found to be infected 
on microscopic examination after incuba- 
tion, 

The microscopic examination of milk 
samples after incubation is a rapid, con- 
venient and reliable method for the detec- 
tion of infection with mastitis streptococci, 
and requires less labor and equipment than 
the blood-agar plate method. 


white, nonhemolytic colonies when cultured on 
blood-agar plates and little if any acid when 
cultured in miik in the presence of brom-cresol 
purple (i.e., Hotis reaction negative). As con- 
trols, replicates were employed with additions 
of an equivalent quantity of veal broth. 

For each test 9.5 cc. of milk with 0.5 cc. of 
a 0.5 per cent solution of brom-cresol purple 
was used. The acid production was measured 
at the end of the 15-hour period by titration 
with 0.1 N NaOH. 


RESULTS 

While the milk samples were normal in 
appearance, the Hotis test revealed that 
they were all streptococci-infected milks. 
In a group of 34 samples from 22 
three types of response to the addition of 
the same quantity of the culture of udder 
cocci were noted. A group of eleven sam- 
ples showed no response, five showed slight 
increases, while in 18 the Hotis reaction 
was markedly increased. 

Since the Hotis test is difficult to esti- 
mate quantitatively and since the acid pro- 
duction under the conditions employed was 


cows, 


TABLE I—Number of Cubic Centimeters of 0.1 N 
NaOH Required to Neutralize Hotis Tests and Hotis 
Tests Containing a Culture of Udder Cocci 


| 


Horis INCREASE 
SAMPLES Hotris | Pius 0.16) Dur ro 
ce. Cocc1 Cocc1 
18 73+0.19/1.67+0.26) .94+0.1 
(Marked in- | 
crease) 
5 1.36+60.5 |1.722+0.5 36 +0 .07 


(Slight in- 
crease) 


11 45+ 
(No effect) 
5 5 «= 2 58 +0.1 
(Veal-broth 
controls 


without 
cocci) 
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due primarily to the mastitis streptococci, 
titratable acidity was employed as a quan- 
titative measure of the Hotis reaction. The 
data (in terms of cubic centimeters of 0.1 
N NaOH required to neutralize the 10-cc. 
incubated sample) are shown in table I. 
The samples showing stimulation by the 
udder cocci showed no significant stimula- 
tion on addition of an equivalent quantity 
of veal broth; therefore, the stimulation 
was due to the udder cocci. Although the 
samples exhibiting stimulation showed a 
wide range of values of titration in the 
original Hotis test, the increase in titer 
due to the addition of the udder cocci was 
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relatively constant. It is impossible from 
the data available to determine whether the 
laek of response in the remaining samples 
was due to natural presence of udder cocci 
or similar organisms. 


SUMMARY AND CONCLUSIONS 


The results indicate that the activity of 
some mastitis streptococci in milk may be 
greatly accentuated by the presence of a 
coccus which is also found in bovine udders, 
Further study will be necessary to deter- 
mine the possible influence on mastitic con- 
ditions by the existence of such relation- 
ships. 
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ne Pathology of the Bovine Kidney in Vitamin A Deficiency 


F, LANGHAM, B.A., M.S., L. B. SHOLL, B.S., M.S., D.V.M., and E, T. HALLMAN, D.V.M. 


East Lansing, Mich. 


DURING THE PAST six years, the Depart- 
ment of Animal Pathology at Michigan 
Siate College has been making a study of 
the kidneys, both in health and disease, of 
the domesticated animals. During the past 
wo or three years, we have had the oppor- 
tunity to study the kidneys from cattle 
fed on a ration deficient in vitamin A. 


In a review of the literature we have 
been unable to find record of a study hav- 
ing been made of the effects of a low vi- 
tamin A ration on the kidneys of the bo- 
vine species. 

Does a ration low in this vitamin have 
any effect on the bovine kidney? With 
this question in mind, the authors have 
studied 23 experimental cases in the hopes 
of deriving some conclusions. 


MATERIALS AND METHODS 


The animals used for this study were from 
the dairy section’s experimental herd and can 
be divided into four groups, each giving a 
slightly different approach to the problem. 
Group I, consisting of two calves born of low 
vitamin A mothers, succumbed to pneumonia 
by 1 month of age. Group II, consisting of 
three animals ranging in age from 3 months 
to 3 years, died of pneumonia. Group III, con- 
sisting of ten animals ranging in age from 5 
months to 7 years, were made moribund by 
viiamin A deficiency. The time required to 
bring an animal down varied from six weeks 
to 1% years, depending upon age and the 
amount of carotene stored in the body. Group 
[\, consisting of eight animals ranging in age 

n 8 months to 2 years, had received some 

otene periodically during the course of the 
experiment. 

lale animals of the Holstein and Ayrshire 

eds were used. They received a low caro- 
tene ration after 40 to 90 days, consisting of 
sim milk and a concentrate mixture of 240 
). of barley, 180 Ib. of rolled oats, 180 lb. of 
w eat bran, 60 lb. of linseed oil meal and 8 Ib. 

alt. Previous to being placed on the ration, 


‘rom the Animal Pathology Section, Michigan 
cultural Experiment Station; presented before 
Section on Research at the 77th annual meeting 
the American Veterinary Medical Association, 
hington, D. C., August 26-30, 1940. 


a 


the calves received whole milk and a low 
carotene concentrate ration. 

The animals were autopsied shortly after 
slaughter or death and the tissues placed in 
both Zenker’s fluid and formalin. Staining 
was carried out by the usual methods ef pro- 
cedure. 


RESULTS 


Urine analyses* on three of the group 
IV animals over a period of four to five 
months indicated a gradual decline in the 
pH from a normal of approximately 7.5 to 
5.62, and a loss in specific gravity to 1.017. 
The increase in acidity of the urine may 
be explained by the large quantities of con- 
centrate feed being fed. The urinary sedi- 
ment contained occasional granular casts, 
pus and epithelial cells. 

In the gross the kidneys varied somewhat 
in individual cases. The kidneys were tense, 
but the capsules stripped easily from the 
swollen cortex. The surface showed a mod- 
erate congestion with an occasional pe- 
techial hemorrhage. Some of the lobes 
were mottled due to scattered numerous 
white pin-point foci. On section the cut 
surface bulged and the pin-point foci ex- 
tended part way into the depth of the cor- 
tex, while foci not visible from the surface 
could be seen. Edema of the kidney was 
present in a few of the cases. In one case 
the major and minor calices, and the ure- 
ters, were filled with a milky white fluid 
which was found to contain numerous 
desquamated epithelial cells. 

Groups I, II and IV showed lesions sim- 
ilar to those of group III, but not as severe 
or extensive; therefore, it will be unneces- 
sary to describe each group separately. 

A microscopic study of the kidneys of 
group III revealed that the primary lesions 
were degenerative in character. Most of 
the cases showed varying degrees of cloudy 
swelling. The latter condition affected the 
proximal convoluted tubules first, followed 


*Made by Mrs. Leslie Hutchings. 
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by the remaining portions of the nephrons. 
In two of the cases the cloudy swelling 
was so extreme that the normal architec- 
tural pattern of the kidney tubules could 
not be discerned (fig. 8). In other prox- 
imal convoluted tubules a hydropic degen- 
eration was present (figs. 6 and 7). The 
proximal convoluted tubules in many cases 
showed a loss of their brush borders and 
an increased amount of debris in their 
lumens (figs. 4 and 5). The tubules showed 
varying amounts of necrosis of their epi- 
thelium characterized by pyknosis, karyor- 
rhexis and karyolysis (figs. 1 and 3). In 
one or two cases the necrosis was so ex- 
tensive that postmortem changes were sus- 
pected; however, our records showed that 
the tissues were fixed sufficiently soon after 
death so that such a condition could not 
have happened (figs. 2 and 3). The renal 


corpuscles sometimes showed a loss of the 


glomerular epithelial cells while others 
showed pyknosis. Occasionally the subcap- 
sular spaces contained granular material 
suggestive of albuminuria (fig. 20). 

The arteries and arterioles in some cases 
showed pyknosis, and karyolysis of the 
smooth-muscle cells (figs. 9 and 10). Occa- 
sionally a slight thickening of the intima 
was observed due to proliferation of the 
subendothelial tissue. 

In these low vitamin A cases not all of 
the lesions were degenerative in character, 
but there were reactive phenomena as well. 
The inflammatory processes appeared to 
begin as a perivascular accumulation of 
lymphocytes and some macrophages and a 
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gradual extension into the interstitial tis. 
sues (fig. 13). Many of these foci were 
less than a microscopic field in diameter 
(16 mm. objective). The lesion showed 
numerous lymphocytes and macrophages 
and at the same time the tubules were 
atrophying and _ gradually disappearing 
(figs. 14 and 16). Occasionally a renal cor- 
puscle could be seen in which Bowman’s 
capsule had been thickened with increased 
connective tissue, followed by hyaliniza- 
tion (fig. 15). 

In some of the lesions there was prolifer- 
ation of fibroblasts and fibrosis. In these 
areas the tubules showed various stages of 
atrophy while other tubules had completely 
disappeared (figs. 17 and 18). Many of 
the atrophying tubules were surrounded 
by a hyaline ring (fig. 19). The renal 
corpuscles in the chronic areas also showed 
some atrophy (fig. 18). 

Metaplasia of the transitional epithelium 
of the minor calices was observed several 
times (fig. 21). In only one case was 
keratinization of the epithelium observed 
and that was along the surface of the 
epithelium of a ureter (figs. 11 and 12.) 


SUMMARY 


1) Twenty-three bovine animals were 
studied to observe the effects of low vita- 
min A diets upon the kidneys. 

2) Microscopically the most conspicuous 
lesions were degenerative in character, 
such as cloudy swelling, hydropic degenera- 
tion and necrosis. The proximal convoluted 
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CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 


Section through cortex, showing pyknosis and 
karyolysis of the nuclei of the proximal convo- 
luted tubules (x 112). 

Section through cortex, showing extensive necro- 
sis of the epithelium of the tubules and some 
pyknosis and karyolysis of the smooth-muscle cells 
of the media of the interlobular artery (x 112). 
Higher magnification of figure 2 (x 630). 

Section to show loss of brush border from epi- 
thelium of terminal portion of proximal convo- 
luted tubules. Note thickening of Bowman's cap- 
sule and some atrophy of glomerular tuft (x 112). 
Higher magnification of figure 4, showing loss of 
brush border and increased granular debris in 


lumen (x 630). 


6) Section through cortex, showing cloudy swelling 
and hydropic degeneration of the epithelium of 
the proximal convoluted tubules (x 112). 


7) Hiaher magnification of figure 6 (x 630). 


8) Section through cortex, showing cloudy swelling. 
Note the loss of the normal architectural arrange- 
ment of the tubules (x 112). 


Section to show pyknosis and karyolysis of the 
media of an arculate artery (x 112). 


10) Higher magnification of figure 9 (x 630). 


11) Section through ureter, showing keratinization 
along the surface of the epithelium (x 112). 


12) Higher magnification of figure I! (x 630). 
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Section through cortex, showing an early perivascular accumulation of lymphocytes around the 
interlobular artery (x 112). 


Section through cortex, showing an accumulation of lymphocytes and macrophages, also atrophy 
and disappearance of the tubules in the area. Note hyalinization of Bowman's capsule (x 112). 


Higher magnification of figure 14, showing the hyalinization of Bowman's capsule (x 630). 
Section through cortex, showing the character of the cells in one of the small inflammatory areas. 
Note the large number of lymphocytes (x 800). 

Section through cortex, showing cicatrization. Note the atrophy and disappearance of some of 
the tubular structures and proliferation of fibroblasts and fibrosis (x 52}. 

Similar to figure 17 and, in addition, shows some early atrophy of the renal corpuscles. 

Higher magnification of one of the chronic lesions, showing atrophy of the tubules and peri- 
tubular hyalinization. Note the lymphocytes and fibroblasts (x 630). 

Section through cortex, showing a subacute nephritis characterized by accumulation of lympho- 
cytes and macrophages and early proliferation of fibroblasts and fibrosis. Note atrophy of 
tubular structures. The subcapsular space of the renal corpuscle shows a granular material 
suggestive of albumin (x 52). 

Section through medulla, showing metaplasia of the epithelium of the minor calyx (x95). 
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Mechanical Transmission of Bovine Anaplasmosis by the Horsefly, 
Tabanus Sulcifrons (Macquart)” 


JOHN C. LOTZE, Ph.D., and MARVIN J. YIENGST, B.S. 
Washington, D. C. 


TRANSMITTING bovine piroplasmosis 
with the tick, Boophilus annulatus, Smith 
and Kilborne! noted coccus-like bodies, 
termed anaplasms by Theiler,” in the 
erythrocytes of some of the experimental 
animals. Subsequently various ticks have 
been incriminated as possible vectors of 
bovine anaplasmosis. Descazeaux* sug- 
gested that arthropods other than ticks 
might also act as vectors of the disease, in 
his observations that the spread of anaplas- 
mosis in tick-free cattle in certain regions 
of Chile was correlated with the use of 
cattle goads. 


Previous STUDIES ON HORSEFLY 
TRANSMISSION OF ANAPLASMOSIS 

Horseflies were tested as possible vectors of 
bovine anaplasmosis by Sanborn and cowork- 
ers'*; their first successful transmission fol- 
lowed the use of three species of horseflies on 
the same animal. The work of these authors 
was summarized by Stiles® in the following 
statement: “Experimental transmission of ana- 
plasmosis by four species of horseflies was 
accomplished at the Oklahoma Agricultural Ex- 
periment Station by Sanborn, Stiles, and Moe 
using as vectors Tabanus abactor, T. aequalis, 
T. sulcifrons, and T. venustus.” T. fumipennis 


From the Zoélogical Division, Bureau of Animal 
istry, U. S. Department of Agriculture. 

lentification of the insect vector, Tabanus sul- 
‘ons, Was checked by Alan Stone, Division of 
ct Identification, Bureau of Entomology and 
t Quarantine, U. S. Department of Agriculture. 
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ules showed the most extensive changes 

lowed by the collecting tubules, distal 

voluted tubules and Henle’s loop. 

') These cases also showed some inflam- 

tory processes characterized by accumu- 

ons of lymphocytes and some macro- 
phages, among which the tubules were 
atrophying and disappearing. 

} Some cicatrization had taken place in 
these cases. 

} Metaplasia with keratinization was 
ra 


was incriminated as a possible vector of ana- 
plasmosis by Sanders.” 

In a preliminary experiment Morris and co- 
workers" obtained apparent transmission of 
anaplasmosis by 7. atratus, but in three later 
attempts to transmit the disease with this fly 
the experimental animals failed to develop 
anaplasmosis in 80 days; negative results also 
were reported in the three transmission at- 
tempts with 7. fuscicostatus. Julius” reported 
failure to transmit anaplasmosis with 7. cir- 
cumdatus, and Schmidt and Piercy” had no 
success in transmitting this disease with 7. 
atratus, T. lineatus, T. sulcifrons, Chrysops 
nigra and Chrysops sp. 

Up to the present time, the nature of 
the etiologic agent of anaplasmosis has not 
been definitely determined. It is possible 
that the differences in the results obtained 
by various investigators in attempting to 
transmit anaplasmosis experimentally with 
biting insects might be explained on the 
basis of the condition of the infective mate- 
rial in the source animal. In some of the 
reports of successful experimental trans- 
mission, the data given on the condition of 
the source animal are very scant, while in 
other reports it is not clear as to how the 
experiments were controlled. 

During the past summer, experiments 
were conducted in the zoédlogical labora- 
tories of the U. S. Department of Agri- 
culture at the Beltsville Research Center, 
Beltsville, Md., to determine the possible 
transmission of bovine anaplasmosis with 
T. sulcifrons under conditions in which 
the status of the source animal was known 
at the time of the transmission attempts. 
The present paper reports the results of 
experiments designed to clarify the role 
of heorseflies as possible vectors of the 
disease. 


SOURCE OF INFECTIVE MATERIAL 


Susceptible bovine animal 192, a 16-month-old 
bull weighing 530 1b., was inoculated intra- 
venously on July 16, 1940, with 450 cc. of de- 
fibrinated blood from “carrier” bovine animal 
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194. Anaplasms were first found in the blood 
of the inoculated animal after an incubation 
period of 19 days. This host was then used as 
the source of infective material in all three 
experiments with 7. sulcifrons. 


PROCEDURE 

The experiments were conducted in a screened 
enclosure surrounded by an oil moat, the en- 
closure communicating with the barn by a 
screened runway (fig. 1). In each test, the 
infected and susceptible animals were stanch- 


Fiz. 1. Experimental fly- and tick-proof pen, 
showing infected and experimental bovine ani- 
mals stanchioned side by side. 


ioned side by side to facilitate the transfer of 
the flies. The horseflies, previously collected 
in individual small cardboard boxes while these 
insects were feeding on cattle in the vicinity 
of Beltsville, were allowed to begin feeding on 
the infected animal and then were immediately 
transferred to the test host animal. In con- 
ducting the experiment, the procedure was 
Similar to that of Sanborn and coworkers‘ and 
others. Each box containing a fly was placed 
in contact with the back of the infected bull 
and quickly opened so that the fly was trapped 
against the animal. When the fly was found 
to be feeding, the box was removed and a glass 
funnel was substituted as a cover. A _ piece 
of cardboard inserted beneath the funnel was 
gently manipulated to force the fly to withdraw 
its mouthparts from the infected animal and 
to walk over the cardboard. This apparatus 
was quickly transferred to the back of the test 
animal and the cardboard carefully removed, 
allowing the insect to resume feeding. After 
it was reasonably certain that feeding was tak- 
ing place on the susceptible host animal, each 
horsefly was returned to the back of the in- 
fected or source animal and the procedure re- 
peated until no further feedings were obtained. 
Each fly used in feeding was killed and kept 
for identification. Following the transmission 
attempts, each experimental host animal was 
placed in a separate, screened isolation stall. 


PROTOCOLS OF EXPERIMENTS 
Table I shows the status of the infected 
or source animal at the time each trans- 
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was conducted, and 


information on each 


experiment 
summarizes essential 
susceptible recipient of the experimental 
horsefly The following protocols 
elaborate further the data tabulated. 

Experiment 1.—Susceptible bovine animal 
203, a 9-month old heifer weighing 265 Ib., was 
bitten eleven times by three horseflies on Au- 
gust 5 and 62 times by 21 horseflies on August 
6, making a total of 73 bites on two successive 
days. All bites occurred upon immediate trans- 
fer of the horseflies from the infected to the 
susceptible animal. Following the transmis- 
sion attempts the experimental animal was 
kept under observation in an isolation stall. 
Anaplasms were first detected in considerable 
numbers on September 4 and were accompanied 
by a host temperature of 104 F. Blood smears 
made on August 20, 23, 27 and 30 had been 
negative for anaplasms. Considering the rela- 
tively great frequency and large size of some 
of the anaplasms, together with the presence 
of fever on September 4, it was estimated that 
the onset of anaplasms in the blood occurred 
about September 1 and 2. The incubetion period 
was thus about 26 to 28 days. The course of 
the disease was similar to that observed in 
animals experimentally inoculated with carrie! 
blood. 

This experiment 


mission 


bites. 


was conducted on the 20th 
and 21st days following inoculation of the 
source or infected animal with carrier blood. 
The source animal showed a few anaplasms 
on the day before the transmission experiment; 
1 per cent of the erythrocytes contained ana- 
plasms on the first day of the experiment and 
2.5 per cent on the second day. Temperature 
and hematocrit readings were within normal 
ranges on the days of the experiment. 

Experiment 2.—Susceptible bovine animal 
204, a 9-month-old heifer weighing 270 lb., was 
bitten 41 times by ten horseflies on August 9 
and 28 times by six horseflies on August 1), 
making a total of 69 bites on the two succes- 
sive days. All bites occurred upon immediate 
transfer of the horseflies from the infected to 
the susceptible animal. Following the trans- 
mission attempts, the experimental host animal 
was kept under observation in an _ isolation 
stall. Blood smears were made at three- or 
four-day intervals from August 20 to August 30, 
and subsequently were made daily to insure 
detection of the first appearance of anaplasms 
Small anaplasms were first observed in the 
blood of this animal on September 6, after an 
incubation period of 27 to 28 days. The course 
of the disease was similar to that observed in 
bovine animal 203, experiment 1. 

This experiment was conducted on the 24th 
and 25th days following inoculation of the 
source or infected animal. The latter showed 
a few anaplasms five days before the transmis: 
sion experiment; 14 per cent of the erythrocytes 
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ontained anaplasms on the first day of the ex- 
wriment and 25 per cent on the second day. 
On these two days the hematocrit readings 
vere 31 and 25 per cent, respectively. The 
temperature was abnormally high on the day 
receding and during the experiment. 
Experiment 3.—Susceptible bovine animal 
201, a 6-month old bull weighing 275 lb., was 
bitten 74 times by 20 horseflies on August 13. 
\ll bites occurred upon immediate transfer of 
horseflies from the infected to the sus- 
ceptible animal. Following the transmission 
attempts, the experimental animal was kept 
under observation in an isolation stall. Blood 
smears were made at three- or four-day inter- 
vals from August 20 to August 30 and subse- 
quently were made daily to insure the detection 
of the first appearance of anaplasms. Small 
anaplasms were first observed in the blood of 
this animal on September 6, after an incubation 
period of 24 days. The course of the disease 
was similar to that observed in bovine animals 
203 and 204 of experiments 1 and 2, respec- 
tively. 

This experiment was conducted on the 28th 
day following inoculation of the infected source 
animal and on the ninth day after anaplasms 
were first observed in its blood. At this time, 
31 per cent of its erythrocytes contained ana- 
plasms and the hematocrit reading was 14 per 
cent. The temperature was within the range 
ccnsidered normal, although fever had been 
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present during the preceding five days and 
appeared again on the day following the trans 
mission experiment. 


DISCUSSION 


In the experiments herein reported, it 
appears certain that the disease which 
developed in the experimental animals was 
transmitted from the infected bull by the 
horsefly, T. sulcifrons. The absence of the 
disease in the herd of cattle on which the 
flies were collected in the field bears evi- 
dence that the flies were not infected pre- 
vious to the time of the transmission tests. 

It appears unlikely that the experimental 
host animals were infected prior to the 
experiment. Two of them were purchased 
from a farm near Beltsville, Md., while 
the third one was raised at the field station 
of the Zodlogical Division at Beltsville. 
The relatively similar incubation periods 
shown by these host animals indicate that 
they probably became infected at about the 
same time. 

Other susceptible bovine animals housed 
in the same barn served as controls on the 
possibility of accidental transmission of 


TABLE I—Conditions Under Which Anaplasmosis Was Transmitted Experimentally to Three Susceptible Bovine 
Animals by Interrupted Feedings of Tabanus Sulcifrons 


Source ANIMAL 192* 


| 
| ERYTHROCYTES 
Hr. CONTAINING 
READING | ANAPLASMS 
(%) } (% 


DATE 


Tremp 


(F.) 


Ava. 
1940) 


101.4 


101.3 
101 


w 


101 
104 
105.: 


w 


104.: 
105 


“Ito 


102 


106 
103 
102.: 
104 
102 
102 
102 


| 
Sane 


° 
toto 


er’ 194; age 16 months, weight 530 Ib. 
asms, after incubation period of 19 days. 
obe, M. M.: A simple and accurate hematocrit. 


7Estimated. 


Tabulation 
Hematocrit readings by methods of Wintrobe. 
J. Lab. & 


SUSCEPTIBLE BovINEs 


Horser.ies Usep|,,. 
lime Berore 
ANAPLASMS 
APPEARED 
(Days 


AGE 
(Mo.) 


Wr 
(Lp.) 


TOTAL 
NuMBER | BITEs 


Desia. 


203 


| | 


begins on day of first appearance of ana- 


(Win- 
Clin. Med., xv (1929), p. 287.) 


= 
| Exp 
| No 
= 
4 | m5 Below 0.5 
5 | m5 1.0 l | | 265 3 11 267 
2.5 21 62 251 
7 33.0. | 6.0 
8 30.0 | 5.0 at 
a 0 14.0 2 204 270 10 25 
10 | Zo.0 25.0 4 | 6 28 27 
22.0 | 
12 31.0 ) | i 
3 201 6 275 20 74 24 
14 
15 | 
16 | 
17 | 
18 
19 
| 
| 
*Inoculated July 16, 1940, by intravenous injection of 450 cc. of defibrinated blood from “car | 
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anaplasmosis in the care and handling of 
the experimental host animals. No acci- 
dental transmission occurred even when 
sick and susceptible animals were kept in 
the same stall. Rees!‘ called attention to 
the possibility of transmitting anaplas- 
mosis with an infected lancet while making 


blood smears. To avoid this possibility in 


these experiments, a separate sterilized 
(autoclaved) lancet was used for each 
animal. Each lancet was kept in a separate 


test tube stoppered with cotton and care 
was taken not to touch the tip of the lancet 
with the hands. 

The failure of others to transmit 
anaplasmosis with horseflies might be 
accounted for on the basis of one or more 
factors. Julius!’ reported positive results 
with a needle when the susceptible animal 
was pricked with it immediately after it 
was used on an infected animal, but nega- 
tive results were obtained when the lancet 
was kept in the air for a short time before 
it was used to prick the susceptible animal. 
This time factor may be of great impor- 
tance in insect transmission. In the pres- 
ent experiments the infected animal was 
kept in close proximity to the susceptible 
animal and only a few seconds elapsed 
between the time the horsefly was removed 
from the infected animal and the time it be- 
gan feeding on the susceptible one. A sec- 
ond factor is probably the number of bites 
necessary to infect an animal and this, in 
turn, may depend upon the relative amount 
of infective material in the blood of the 
source animal at the time of the test. It 
is not known just what constitutes the 
infective material. If the anaplasm is the 
infective agent, there is no doubt that the 
quantity of infective material changes from 
time to time. On the other hand, the 
anaplasm may not be the infective material 
in mechanical transmission. 

Of special interest in the present inves- 
tigation is the apparent transmission of the 
disease on the second and third days after 
the anaplasms first appeared in the erythro- 
cytes of the source animal. The latter had 


not shown as yet visible symptoms of the 
disease and its temperature was still nor- 
mal when the tests were made. 


This sug- 


gests the possibility that such infected hos 
animals might be a source of infectiy 
material under field conditions. It is un 
likely that infection in such an anima! 
would be detected until clinical symptom 
appeared later. 


SUMMARY 

Three susceptible bovine animals devel- 
oped anaplasmosis 24 to 28 days after 
being bitten by the horsefly, Tabanus sul- 
cifrons, which had previously been allowed 
to feed on an infected bull. The evidence 
indicates conclusively that transmission 
was effected by this insect. 
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The Physiologic Basis of Therapy for Ketosis in the Ruminant™ 


_ JESSE SAMPSON, D.V.M., Ph.D., and L. E. BOLEY,; D.V.M. 
Urbana, Ill. 


HE AUTHORS of this paper prefer to ac- 
pt the viewpoint that ketosis in cows and 
ves is due primarily to a disturbance in 
arbohydrate-fat metabolism and that it is 
directly due to an inadequate consump- 
tion of readily available carbohydrate or 
arbohydrate-forming food. It is granted 
hat other contributing factors may be in- 
ilved, e.g., some dysfunction of certain 
ndocrine glands, notably the pituitary,® 
jsut it appears to the writers that the fun- 
damental aspects of the etiology have been 
established.2*: 20. 10 

A considerable number of therapeutic 
agents have been recommended for ketosis 
in the ruminant; more specifically for 
ketosis in cows, since the results of treat- 
ment have been more uniformly favorable 
with cows than with ewes. There does not 
seem to be a sound physiologic or pharma- 
cologie basis for the use of most of these 
agents. Insulin, combined with dextrose 
therapy, has been recommended,** but since 
the type of clinical ketosis observed in the 


cow and the ewe (as far as we are aware 
at the present time) is never associated 
with true diabetes,?°.°5 this agent is not 
indicated. There is no evidence to show 
that insulin will accomplish more in the 
treatment of ketosis in the ruminant than 
dextrose alone. 

Sodium bicarbonate has been advocated 

r the purpose of combating the acidosis 
vhich results from ketosis.2° Sodium bicar- 
bonate is not indicated for two reasons. 1) 
is not recommended for the treatment of 
diabetes mellitus unless the acidosis be- 
comes intense and coma is imminent. The 
aidosis in an attack of ketosis in the cow 
d the ewe is rarely if ever so intense that 
carbon-dioxide-combining power of the 
blood is reduced to a critical level!®.24.8 (in 
man, approximately 15 volumes per cent!*). 


From the Laboratory of Animal Pathology and 

iene, University of Illinois. 

Assigned by the Illinois State Department of 
\-riculture to assist in diagnosis and research. 


2) The administration of large doses of 
bicarbonate apparently interferes with the 
normal oxidation of carbohydrate and pre- 
sumably tends to increase ketosis'*.'’—the 
condition for which the treatment is pre- 
scribed. 

Magnesium, in the form of magnesium 
sulfate, has been administered,' but again 
there is little evidence that it is indi- 
Calcium gluconate has_ been 
widely employed for the treatment of keto- 
sis in both cows and ewes. It evidently 
renders at best only temporary relief and 
is not indicated for ketosis in cows unless 
the disorder is complicated by milk 
fever?*. 24, 25.8; it has a very limited value 
for ketosis in 

More recently, the commercial extract of 
the anterior portion of the pituitary gland 
has been recommended as a treatment for 
acetonemia.® Further observations are 
needed to determine the effectiveness of 
this agent. The safest as well as the most 
‘ational therapy for ketosis in either the 
cow or the ewe appears to be the liberal ad- 
ministration of dextrose or similar carbo- 
hydrate.** In the cow this form of treat- 
ment can often be supplemented to advan- 
tage by the judicious use of chloral hy- 
drate,*° despite the fact that it is still not 
clear in just what manner this drug aids in 
overcoming ketosis. 


CASE REPORTS 


The following case reports are presented 
to illustrate the effectiveness of dextrose 
or carbohydrate therapy for ketosis in 
cows. Others could be cited but it is be- 
lieved that those which have been selected 
are typical of the more obstinate cases en- 
countered in general practice. 

Case 1.—Purebred Holstein-Friesian cow, 4 
years old. Her second calf was born February 
27, 1939. The placenta was retained and re- 
moved 48 hours after parturition. A mild dis- 
turbance, diagnosed as indigestion, developed 
on March 20. Recovery occurred without treat- 
ment. On March 27, this cow was extremely 
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TABLE I—Ketosis in Cows: Serum Calcium, Blood Sugar, Blood, Milk, and Urine Ketones,* and Milk Pro- 
duction During and After an Attack of Ketosist 


SERUM BLoop BLoop 
| CaLciuM SuGAR 

CASE | | | 

No. | DurinG Re- 

| ATTACK | COVERY 


Re- 
| COVERY | 


DuRING | 
ATTACK 


DuRING 
ATTACK 


11 | 10.90 | 36.16 | 49.72] 70.93 
10 9.85 42.94 5 | 21.95 
7 10.00 | O07 | 47.46 22.06 
70 | 36.16 56.79 
90 8.08 45.01 
2.30 2.94 : 32.12 
10 36.16 27.90 
2.60 31.64 | 5 19 35 


1 
l 
l 
l 


Aver. 10.83 11.29 36.02 40 76 


*Ketone bodies are computed as acetone. 


Bopies 


ReE- 


| COVERY | 


MILK | URINE Dairy MILK 
KETONE Boptes 


KETONE BopiEes PRODUCTION 


DuRING 
ATTACK 


DurinG ReE- 
ATTACK | COVERY 


Re- 
COVERY 


| Durinc Re- 
ATTACK | COVERY 


60 Ib. 
45 lb 
35 Ib 
57 |b 
56 Ib. 


30 Ib. 
25 Ib. 
15 lb. 
6 lb. 
32 lb. 


844.19 | 30.50 
223 96 | 
139 . 33 3.39 
388.12 | 34.97 
924 36.46 
249.7 25.79 
512.37 22.82 


1214.95 | 19 


0.00 
0.00 | 


0.00 
0.00 


0.00 
0.00 


35 Ib 


41 lb. 


20 Ib 
20 lb 


0.00 562. 04 22.01 21.14 47.00 


+All values except those for milk production expressed as milligrams per 100 ce. 


nervous; she would chew and bite the iron bars 
of the box stall and walk on the knuckled fet- 
locks of the front feet. When standing, all four 
feet were shoved well under the body, produc- 
ing a distinct arch to the back. Salivation was 
profuse. No diagnosis was made. Treatment 
consisted of 400 ec. of 23 per cent calcium glu- 
conate solution administered intravenously. On 
March 28, the cow was still very nervous but 
bright. Rumen activity, peristalsis and feces 
were normal. The appetite was fair. Milk 
production had decreased from 55 lb. on March 
24 to 23 lb. on March 28. Acetonemia was con- 
sidered to be a distinct possibility and the diag- 
nosis established by a positive test for an ab- 
normal amount of ketone bodies in the urine 
(see also quantitative data for urine ketones in 
table I). On March 29, 500 cc. of 25 per cent 
dextrose solution was administered intraven- 
ously and 20 Gm. of chloral hydrate ina drench. 
On March 30, treatment consisted of 200 cc. of 
25 per cent dextrose solution administered in- 
travenously, an increase in the grain ration 
(the grain ration had been sharply reduced 
following parturition as this cow was in very 
high condition), plus the addition of 3 pt. of 
molasses. On March 31, the urine continued 
to give a strong positive reaction to the ketone 
test. Treatment on this date: 400 ce. of 25 
per cent dextrose solution intravenously, 20 Gm. 
of chloral in a drench, and 3 lb. of cane sugar 
added to the grain ration. The urine was still 
definitely positive for ketones on April 1, but 
the appetite had noticeably improved and milk 
production had increased to 58 lb. daily. At 
this time, 6 lb. of cane sugar was added to the 
daily ration (clover hay, 12 I1b., corn silage, 
15 lb., and a mixture of corn and oats, 10 Ib.) 
and continued until April 6, when this amount 
was replaced by 4 lb. of corn sugar (dextrose) 
daily. The dextrose was fed for several days 
after the disappearance of ketonuria. 

The intravenous injections of dextrose solu- 
tion and the oral administration of chloral 
hydrate resulted in some decrease of ketonemia 


and ketonuria, but no pronounced reduction 
occurred until the injections were supplemented 
by large oral doses of either molasses, cane 
sugar, or corn sugar. Data for serum calcium, 
blood sugar, and blood, milk, and urine ketone 
bodies during the early stage of the attack and 
at the time of recovery are shown in table I. 

Case 2—Purebred Holstein-Friesian cow, 5 
years old. Her third calf was born February 
10, 1939. This cow gradually lost flesh, an- 
orexia developed and milk production decreased 
from 60 lb. to 25 Ib. per day. On May 6, 1939, 
the urine was strongly positive to the test for 
ketone bodies; 500 cc. of 25 per cent dextrose 
solution was administered intravenously plus 
20 Gm. of chloral hydrate in a drench. On 
May 10, 3.5 lb. of dextrose, 1 dr. of fluid extract 
of nux vomica and 1 oz. of fluid extract of 
gentian in 3 gal. of water were administered 
by stomach tube. The urine was still strongly 
positive for ketones on May 11. The treatment 
of May 10 was repeated on the 11th and 12th. 
Beginning on May 12, treatment was limited 
to the administration of dextrose, viz.: May 13. 
500 ce. 25 per cent dextrose solution intra- 
venously; May 14, no treatment; May 15, 16 
and 17, 500 cc. 25 per cent dextrose solution 
intravenously. The urine was still strongly 
positive for ketones on May 18 and oral admin- 
istration of dextrose was initiated. Five pounds 
of commercial dextrose dissolved in 2.5 gal. of 
water was administered by stomach tube. One 
additional pound of dextrose was administered 
at noon and again in the evening as a drench. 
This treatment was repeated on May 19. On 
this date the urine gave a negative test for 
ketones; the appetite was improving and milk 
production increasing. On May 20, 4 Ib. of 
dextrose in 2 gal. of water was administered 
by stomach tube, and 1 lb. as a drench in the 
evening. The urine continued to be free of 
an abnormal amount of the ketone bodies, the 
appetite improved steadily and the treatment 
was discontinued on May 22. On May 27, #5 
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of milk was produced. The cow was con- 
suming 9 lb. of grain per day in addition to 
alfalfa hay fed ad libitum. Complete recovery 
followed, but the return to normal weight was 
slow, since a great loss of condition had oc- 
curred during the attack. 

Not much progress was made in reducing the 
intensity of ketosis until sugar was adminis- 
tered orally in large doses. This form of car- 
pohydrate therapy was promptly followed by a 
decrease in ketonemia and ketonuria, the re- 
turn of a normal appetite and an increase in 
milk flow. (See data in table I.) 

Case 3—Purebred Jersey cow, 8 years old. 
Her fifth calf was born December 29, 1939. 
Milk fever developed soon after parturition and 
recovery appeared to be satisfactory following 
an intravenous injection of 500 cc. of 23 per 
cent caleium gluconate. On January 3, she 
failed to manifest a normal appetite and de- 
veloped the general attitude of lethargy so fre- 
quently observed to be associated with ketosis 
‘n the cow. The urine was strongly positive for 
ketones. Treatment consisted of 150 gr. of tar- 
tay emetic, 30 gr. of capsicum, 40 gr. of nux 
vomica and 1 oz. of chloral hydrate in water 
administered by stomach tube plus 500 cc. of 
25 per cent dextrose solution intravenously. On 
January 4, 500 ce. of 25 per cent dextrose was 
administered intravenously and 2 lb. of dex- 
trose in 2 qt. of water as a drench. On Jan- 
uary 5, the urine was still strongly positive 
for ketones and showed the presence of some 
hemoglobin. Rectal examination revealed a 
normal uterus, normal ureters, and possibly 
some enlargement of the kidneys. None of the 
subsequent urine samples contained hemo- 
globin. Treatment on January 5 consisted of 
2.5 lb. of dextrose and 1 oz. of chloral hydrate 
in water administered by stomach tube. An 
additional 4.5 lb. of dextrose was administered 
in three doses as a drench. 


The following treatments were administered 
and were accompanied by steady improvement: 
January 6, 1,000 cc. of 25 per cent dextrose 
solution intravenously; January 8, 4 lb. of dex- 
trose and 1 oz. of chloral in water by stomach 
tube (cow eating small amount of hay); Jan- 
uary 9, 500 ce. 25 per cent dextrose intra- 
venously and two 1.5-lb. doses as a drench; 
January 10, treatment on January 9 repeated 
(cow producing 15 Ib. of milk per day); 
January 11, 2.5 lb. of dextrose in water by 
stomach tube (urine negative for ketones). On 
January 12, the cow appeared brighter than at 
any other time during the attack. She had 
been “picking” at alfalfa hay during the pre- 
ceding 4 days and on January 11 started to 
eat grain. Treatment consisted of 500 cc. of 
25 per cent dextrose solution administered in- 
travenously. From January 14 to January 20, 
1.5 lb. of dextrose was fed three times daily 
with grain, the object being to prevent a re- 


lapse. During this period the urine remained 
negative for abnormal amounts of ketones, the 
milk flow steadily increased, the attitude of list- 
lessness disappeared, and the appetite returned 
to normal. On January 20, she produced 35 Ib. 
of milk and appeared to have made a complete 
recovery. 

As in the preceding cases, 1 and 2, the re- 
sults of chemical analyses of blood and urine, 
collected during the course of the attack, re- 
vealed that dextrose therapy was effective for 
ketosis when both the oral and intravenous 
routes were utilized. Data for case 3 are shown 
in table I. 


Cases 4 to 8—No detailed descriptions of 
these five cases will be presented. There are, 
however, certain aspects that are of more than 
ordinary interest and several of these will be 
discussed at some length. 

A severe outbreak of ketosis occurred in a 
herd of some 30 to 40 head of high-producing 
purebred Jerseys during the months of March 
and April 1938. The cows were kept indoors 
most of the time. Alfalfa hay of good quality 
was fed ad libitum plus a balanced grain ration 
in amounts based on individual milk records. 
The owner of this herd, an intelligent, indus- 
trious and active farmer, followed a practice of 
limiting the ration to roughage during the last 
few days before and for as long as one week 
after parturition. The object, he stated, was 
to prevent a too rapid increase in milk produc- 
tion, and he attributed a very low incidence of 
mastitis and milk fever to this practice. 

Cases 5, 6, 7 and 8 had been diagnosed incor- 
rectly as forage poisoning (as previously men- 
tioned, the roughage consisted of bright, clean, 
good quality alfalfa). Case 5 was a 6-year-old 
cow; cases 6, 7 and 8 were heifers that had 
given birth to their first calf a few days or 
weeks prior to the attack of ketosis. These 
cases had been treated with Epsom salt, methy- 
lene blue, sodium bicarbonate and other agents 
without success. All showed prompt response 
and improvement when dextrose was adminis- 
tered intravenously and by the mouth in liberal 
doses. The ketosis disappeared, the attitude 
became brighter, the appetite returned to nor- 
mal and milk production resumed at or above 
the pre-attack level. 

Case 4 is of unusual interest and importance 
because this cow produced 885 lb. of butterfat 
on official test on twice-a-day milking as a 
4-year-old. The history indicated that she had 
milk fever and probably acetonemia at least 
once during previous lactations. She was 5 
years old when the attack of ketosis described 
in this report developed. 

On March 11, 1938, she gave birth to a live 
bull calf. The placenta came away within an 
hour after parturition and no complications 
followed. Symptoms of milk fever developed 
during the first 24 hours after calving and 
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calcium gluconate was administered. She re- 
sponded to this treatment but a relapse oc- 
curred a few hours later. Injections of calcium 
gluconate were repeated during the next few 
days. A temporary response resulted from 
each injection, but relapses continued—eight in 
all. Approximately 4,000 cc. of commercial 
calcium gluconate and 250 cc. of commercial 
dextrose solutions were administered without 
permanent effect. Sodium bicarbonate, Epsom 
salt, methylene blue and other agents were 


Fig. |. Ketosis: case 4, convalescent. Early 
stage of recovery following severe ketosis in 
a purebred Jersey cow, 5 years old. Produced 
885 |b. of butterfat on official test as a 4-year- 
old. This animal lost more than 200 lb. in 
weight within a period of 20 days after partu- 
rition, while milk production decreased to less 
than 6 lb. per day. 


then used without demonstrable improvement. 
The cow lost weight rapidly (she was in high 
condition at the time of parturition), and milk 
production decreased to less than 6 lb. per day. 
Finally, she became so weak that assistance 
was required to raise her to a standing posi- 
tion. There was a complete lack of appetite. 
Her condition was so bad that the prognosis 
appeared to be unfavorable. 

At this time a consultation established a diag- 
nosis of acetonemia. Both the urine and the 
milk contained abnormal amounts of the ketone 
bodies. (See quantitative data in table I.) A 
remarkable response followed the daily admin- 
istration of 3 qt. of sorghum molasses and 
intravenous injections of dextrose solution. The 
supply cf sorghum was limited and was re- 
placed by a commercial grade of corn sugar. 
From 4 to 5 lb. of dextrose was administered 
daily in a drench during the next 10 to 14 
days. The cow continued to improve and made 
a complete recovery. 

Approximately three weeks after the diag- 
nosis of ketosis was established, milk produc- 
tion had increased to 57 lb. per day. It was 
estimated that she had lost over 200 Ib. in 
weight during the attack. In spite of this handi- 
cap she produced over 700 lb. of butterfat dur- 
ing this lactation. (See figures 1 and 2.) 


JESSE SAMPSON AND L. E. BOLEY 


Am. J. VET. Rus 


The analytical and milk-production data fo 
these cases are shown in table I. 


DISCUSSION 


Best and Taylor® have stated that “in 
disease, nature produces abnormalities of 
structure and function which the physio- 
logical laboratory can imitate only in the 
crudest way. In many instances, clin- 
ical research has not only revealed the true 
nature of the underlying process in disease, 
but has cast a light into some dark corner 
of physiology as well; several examples of 
clinical investigation which have pointed 
the way to the physiologist could be cited.” 
Perhaps one of the best examples illustrat- 
ing the importance of clinical investigation 
that can be cited in veterinary medicine is 
the study which has been conducted on 
clinical ketosis of the cow and the ewe.” 
Apparently it was not known— in fact, be- 
lieved highly improbable—that an intense 
ketosis ever developed in the ruminant!! 
until it was recognized that severe keto- 
nemia and ketonuria characterized aceto- 
nemia in the 25.23.24 and pregnancy 
disease in the ewe®.!%25.24; furthermore, 
that the fundamental relationship gen- 
erally accepted to exist between ketosis and 
‘arbohydrate-fat metabolism for man, in all 
likelihood, also prevails for the bovine and 
the ovine species.*°: 2° 

It was recognized early in the study of 
ketosis in ruminants that all forms of 
treatment were ineffective for the advanced 
stage of pregnancy disease in sheep.!® The 
results of dextrose therapy, however, were 
sufficiently encouraging to warrant further 
trials with this agent. These trials have 
clearly demonstrated that a liberal admin- 
istration of dextrose or similar carbohy- 
drate is highly effective for ketosis in preg- 
nant ewes provided (1) the treatment is 
begun during the early stage of the disease, 
and (2) oliguria, anuria and other comp!i- 
cations have not developed.": 23, 25, 7, 2, 22 

The pronounced and beneficial effect of 
the larger in contrast to the smaller doses 
of dextrose or similar carbohydrate for 
ketosis in cows and ewes very likely has 
physiologic basis in certain observations | 
ported by Murlin, Nasset, Murlin an 
Manly'® for a study on experimental ketosi: 
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man. Murlin and his associates found 
that “a ‘late’ dose of sugar following an 
‘early’ dose was much more effective than 
t ‘early’ one in reducing ketogenesis. 
Also it increased carbohydrate combustion 
more. This is interpreted as due to replen- 
isnment of glycogen in the liver, possibly 
because Of insulin production stimulated by 
the early dose. Glycogen formation seems 
to be as important as combustion in the 
autiketogenic action of sugar. Quite pos- 
sibly, the presence of a certain minimal 
‘normal’ content of glycogen in the liver is 
a condition precedent to the normal oxida- 
tion of fatty acids. There is somewhat 
more evidence, however, that this normal 
content of glycogen prevents the formation 
of ketone substances in the liver.” 

Roderick, Harshfield and Merchant?! 
demonstrated that the glycogen content of 
the liver is greatly reduced in ketosis of 
ewes. Apparently no data are available 
on the glycogen content of the liver in 
ketosis of cows. Since the histopathology 
of the liver is the same for ketosis in both 
species,“ it would seem probable that a 
similar condition exists with respect to liver 
glycogen. 

The relation of an inadequate consump- 
tion of the precursors of liver glycogen to 
ketosis in the ruminant is well illustrated 
by Henderson’s!* report on a case of severe 
ketosis in high-producing Holstein- 
Friesian cow. This cow was producing ap- 
proximately 100 lb. of milk daily with an 
intake of nutrients sufficient, as ordinarily 
computed, to produce only 75 lb. of milk per 
day exclusive of the maintenance require- 
ment. Henderson states that apparently 
“she secreted the dry matter represented by 
approximately 25 pounds of milk daily at the 
expense of her body tissues. The fat, pro- 
ten, and minerals which go to form this 
quantity of milk might well be sacrificed 
w'thout great inconvenience, but any con- 
si‘erable negative carbohydrate balance 
cannot long be tolerated without serious de- 
pl-tion of the [glycogen] reserves [in the 
liver], and presumably ketosis.” 


THODS 


‘rum calcium was determined by the Clark- 
Co lip’ modification of the Kramer-Tisdall 
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method; blood sugar by the Shaffer-Hartmann- 
Somogyi technic according to Koch"; and blood, 
milk, and urine ketones by the methods of Van 


Slyke.“ The washed and dried acetone precipi- 
tates were cooled in a_ desiccator’ before 
weighing." 

The procedure employed for urine was fol- 


lowed in the analysis for milk ketones and the 
tactor of 24.8 used in computing the ketone 
substances as acetone. The blood ketones also 
were calculated as acetone, the precipitate in 
this case multiplied by the factor 1.24. A satis- 
factory recovery of acetone added to the milk 
filtrate was obtained by the Van Slyke technic. 


Ketosis: case 4, recovered. The same 
cow as shown in figure | photographed six 


Fig. 2. 


weeks later. Note the marked improvement 

in condition as well as the increase in the size 

of the udder. Milk production had increased to 
60 Ib. a day. 


It was assumed that the ketone bodies were 
present in milk in approximately the same pro- 
portion as in urine and blood, i.e., about 75 
per cent as hydroxybutyric acid and the re- 
maining 25 per cent as aceto-acetic acid and 
acetone.® 


SUMMARY AND CONCLUSIONS 


Consideration has been given to some of 
the more commonly recommended thera- 
peutic agents for ketosis of cows and ewes. 
The safest and most rational form of ther- 
apy for ketosis in the ruminant appears to 
be the liberal administration of dextrose 
or similar carbohydrate; there seems to be 
little evidence to support the use of insu- 
lin, sodium bicarbonate, magnesium sulfate, 
or calcium gluconate. Calcium gluconate 
is indicated when ketosis is complicated by 
milk fever. Chloral hydrate therapy may 
be beneficial for ketosis in cows, but it 
should not be employed when the animal is 
in a weakened condition or is affected with 
both ketosis and milk fever. Further ob- 
servations are desirable to determine the 
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usefulness of anterior pituitary hormones 
for acetonemia in the cow. 

Carbohydrate therapy in the ruminant is 
most effective when treatment is begun in 
the early stage of the attack, and intra- 
venous and subcutaneous injections of dex- 
trose solution are su»p!emented by large 
oral doses of sugar o: molasses. Eight 
cases of clinical ketosis in cows have been 
described to illustrate the effectiveness of 
this treatment and an attempt is made to 
find a physiologic basis for these clinical 
observations. 
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Sulfapyridine in Cattle: A Contribution to Its Pharmacology’ 


LOUIS A. KLEIN, V.M.D., Se.D., ALBERT L. KLECKNER, Ph.D., and 
ROBERT O. BILTZ, V.M.D. 
Philadelphia, Pa. 


THE REPUTATION of sulfapyridine as a ther- 
apeutic agent rests principally upon its 
effectiveness in pneumococcic pneumonia of 
man and to a less extent on the success 
attending its use in pneumococcic and men- 
ingococcic meningitis. Favorable results, 
however, are reported from its use in some 
of the infections in man which also occur 
in the domestic animals, namely, Strepto- 
coccus viridans infections, staphylococcic 
bacteriemias and urinary infections due to 
Bacillus pyocyaneus and Staphylococcus 
albus. Acute infections seem to be the 
most amenable. 

It has been used less extensively in veter- 
inary medicine than in human medicine, 
principally because it was not available for 
a time for the treatment of animals due 
to the limited supply. Henry and Guilhon! 
reported favorable results in two or three 
cases of staphylococcic infections in dogs. 
An arthritic condition in swine caused by 
an organism apparently identical with 
Hemophilus influenzae suis was treated suc- 
cessfully by Shanks.2 The response was 
more prompt in acute cases. Ketchersid® 
reported sulfapyridine “highly effective” in 
septicemic diseases in dogs in doses of 1 
gr. per pound of body weight the first day, 
decreasing 50 per cent each succeeding 24 
hours. 


*From the School of Veterinary Medicine, Uni- 
rsity of Pennsylvania. This investigation was 
pported by the Bureau of Animal Industry, 
S. Department of Agriculture; the Pennsylvania 
ate Department of Agriculture; the Pennsylvania 
ate Department of Health; and the University of 
nnsylvania, the latter being assisted by con- 
butions from herd owners and milk distributors. 
Presented before the Section on Research at the 
th annual meeting of the American Veterinary 
dical Association, Washington, D. C., August 
-30, 1940. 

Henry, A., and Guilhon, J.: Cutaneous staphy- 
occus infection in the dog (p-aminobenzene-sul- 
onamide) pyridine. Bul. Acad. Vét. France, xii 
939), p. 92. 

Shanks, P. D.: Sulfapyridine in arthritis of 
ne. Abst., J.A.V.M.A., xevi (Feb. 1940), p. 140. 
Ketchersid, J. R.: Clinical studies of sulfapyri- 
e in small animal practice. J.A.V.M.A., xevi 
lay 1940), p. 661. 


The use of the drug in man is attended 
with the development of undesirable or 
toxic effects. Nausea and vomiting occur 
most frequently, and headache, dizziness 
and mental depression are sometimes ob- 
served. hemolytic anemia, or 
neutropenia may occur. Crystals or calculi 
of acetylated sulfapyridine sometimes de- 
velop in the tubules or pelvis of the kidney, 
or in other parts of the urinary tract. It 
is considered necessary that the human 
patient be closely observed during sulfa- 
pyridine therapy and that frequent blood 
and urine examinations be made, the urine 
being examined particularly for red blood 
cells. 

Marshall, Bratton and Litchfield‘ re- 
ported the occurrence on two occasions of 
tonic and clonic convulsions in a small dog 
following a single dose of 1 Gm. of sodium 
sulfapyridine per kilogram of body weight, 
although a large part of the dose was 
vomited. According to Jaubert and Motz,° 
sulfapyridine is three times as toxic as sul- 
fanilamide and lethal doses of sulfapyridine 
stimulate or excite while similar doses of 
sulfanilamide cause prostration. Two cases 
of hemolytic anemia in dogs treated with 
sulfapyridine for experimental pneu- 
mococcic pneumonia were reported by 
Gregg, Hamburger and Loosli.6 On the 
other hand, Wien’ gave dogs and cats 1 Gm. 
daily of sulfapyridine suspended in acacia 
emulsion for seven days and observed no 


Cyanosis, 


effect on the blood, urine or general health. 


‘Marshall, E. K. Jr., Bratton, A. C., and Litch- 
field, J. T. Jr.: The toxicity and absorption of 2- 
sulfanilamidopyridine and its soluble sodium salt. 
Sci., xxxviii (1938), p. 597. 

5Jaubert, A., and Motz, C.: Sulfamidotherapie; 
constations cliniques et experimentales. 
Med., xlvii (Sept. 1937), p. 1337. 

‘Gregg, L. A., Hamburger, M., and Loosli, C. G.: 
Sulfapyridine in experimental pneumococcic pneu- 
monia in the dog. J. Clin. Investig., xix (Jan. 
1940), p. 257. 

*7Wien, R.: 
sulphonamide ) 
Pharmacol., xi 
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The toxicity of 2-(p-aminobenzene- 
pyridine. Quart. J. Pharm & 
(Apr.-June 1938), p. 217. 
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Henry and Guilhon' reported that several 
dogs to which they administered rather 
large doses of sulfapyridine did not develop 
toxic symptoms. 

As there was no information available 
concerning the action of sulfapyridine on 
the bovine species and it was desired to 
try the effect of the drug on some of the 
bovine infections, experiments were planned 
to determine the quantity that could be 
administered to animals of this species 
without producing toxic effects, the time 
required to attain a concentration in the 
blood adequate for therapeutic effect, and 
how frequently the drug would have to be 
administered to maintain this level with 
the least fluctuation.* 


PLAN OF INVESTIGATION 


The drug was administered by drench, each 
dose being suspended in about 500 cc. of water. 
Three experiments were carried out, six cows 
being used in groups of five, four and three. 
In the first experiment blood samples were 
taken every two hours for the first 48 hours 
and on the following day three samples were 
taken at intervals of four hours and a final 
sample twelve hours later. In the second ex- 
periment blood samples were taken every two 
hours for 64 hours and then every four hours 
for 16 hours a day for four days. On the 
eighth day three samples were taken at in- 
tervals of four and eight hours. In the last 
experiment blood samples were taken every 
four hours for 14 hours each day throughout 
the six days of administration and for two 
days following the last dose. The concentra- 
tion of free sulfapyridine in each sample was 
determined. White blood cell, red blood cell 
and differential white cell counts and hemo- 
globin determinations were made on all blood 
samples in the first experiment and on from 
three to five samples per day in the last two 
experiments. 

A modification of Fuller’s method® was used 
for estimating the free sulfapyridine in the 
blood. In each experiment several check runs 
were made with Marshall’s method.® ° The 

*The sulfapyridine for these 
obtained through the courtesy 
Rahway, N. Y. 

SKlein, L. A., 


experiments was 
of Merck & Co., 


Scheidy, S. F., Kleckner, A. L., and 
Craige, A. H. Jr.: Studies of sulphanilamide ac- 
tion on the cow: preliminary report. Univ. Penn- 
sylvania Vet. Ext. Quart., xxxviii (Apr. 15, 1938), 
p. 10. 

®*Marshall, E, K. Jr.: a 
(1937), p. 263. 

bid. : The determination of 
Sci., Ixxxvili (July 1938), p. 85. 


Biol. Chem., ecxxii 


sulfanilamide. 


results coincided closely, but because the op. 
erator could match the yellow colors of Fuller’s 
method more accurately than the purple colors 
of Marshall’s method, the former method was 
used routinely. 

On several occasions in each experiment to- 
tal sulfapyridine determinations were made. 
It was found that the quantity of free sulfapyri- 
dine in the blood ranged from 80 to 92 per cent 
of the total sulfapyridine. 


DOSAGE AND CONCENTRATION IN BLOOD 

We used as a basis fer the first experi- 
ment the information obtained from reports 
on the use of this drug in man,!! 12, 1 
giving daily doses of 4 Gm. per 100 Ib. of 
body weight to five cows for a period of two 
days. The daily dose was administered in 
four fractions at four-hour intervals to two 
cows (Nos. 1 and 2), in four fractions at 
six-hour intervals to two cows (Nos. 3 and 
4) and in five fractions at four-hour in- 
tervals to one cow (No. 5). 

The drug was present in the blood two 
hours after the initial dose was given. The 
rate of absorption and increase in the level 
of free sulfapyridine in the blood of cows 
on the different schedules of dosage are 
shown in figure 1. The concentration of 
the drug in the blood increased most rapidly 
the first day in cow 1, to which the daily 
dose was administered in four fractions at 
intervals of four hours, but there was also 
the greatest drop (1.1 mg.) in the sulfa- 
pyridine level in the interval between the 
daily doses. In cow 5, which received the 
per diem quantity in five fractions at four- 
hour intervals, the sulfapyridine level did 
not rise quite as rapidly, but fell to a less 
extent (0.7 mg.) in the interval between 
the daily doses. In cow 3, to which t! 
daily dose was administered in four frac 
tions at intervals of six hours, there was 
steady increase in the sulfapyridine blo 
level until the 32nd hour and then th: 
was a sudden drop of 1 mg. followed b) 
rise of 0.6 mg. and a fall of 0.5 mg. with 


lEvans, G. M., and Gaisford, W. F.: Treatn 
of pneumonia with 2-(p-aminobenzene-sulph: 
mide) pyridine. Lancet, ccxxxv (July 2, 19 
p. 14. 

2Volini, I. F.: 
pneumococcic pneumonia. 
(Oct. 1939), p. 10. 

BWhitby, L.: Chemotherapy of bacterial i) 
tions. Lancet, ii (Nov. 12, 1939), p. 1095. 
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wrttrnore Cow No.5 —five fractional doses 
daily at four hour intervals 

--—-— Cow No.3 —four fractional doses 
daily at six hour intervals 
Cow No.l —four fractional doses 
daily at four hour intervals 


B R 40 46 48 52 56 & 72 
Time in hours after initial dose. 
1 1 1 2 1 1 1 
5 5 5 5 5 
3 3 3 3 3 3 3 3 
Fig. |. Four grams of sulfapyridine daily per 100 Ib. of body weight. Figures immediately above 


are the numbers of the cows, and the positions of the figures indicate when the drug was administered. 


10 hours.* In all of the cows the blood 
level began to fall two to four hours after 
the last fractional dose was given and de- 
creased gradually to the 72nd hour, when 
the observations were terminated. 


On comparing these results it will be 
seen that there was the least fluctuation in 
the concentration of free sulfapyridine in 
the blood when the daily dose was given 
in five fractions at intervals of four hours, 
but that the maximum concentration was 
obtained twelve hours earlier in the cow re- 
ceiving the daily dose in four fractions at 
six-hour intervals. While these data do not 
justify final conclusions because of the small 
number of cows involved, they appear to 
indicate that it is not necessary to admin- 
is‘er the daily dose to bovine animals in 
fractions at equal intervals throughout the 
entire 24 hours, as it is administered to 


No tracing is shown in figure 1 for two of the 
s in the experiment, Nos. 2 and 4, because they 
ived the drug on 
1d 3. 


the same schedule as cows 


man, but that a sufficiently even level of 
free sulfapyridine in the blood can be 
maintained by administering the daily dose 
in five fractions at intervals of four hours. 

The concentration of  sulfapyridine 
reached a maximum of 3.6 mg. to 4.2 mg. 
per 100 cc. of blood in the five cows in the 
experiment in 32 to 44 hours. The figures 
for the individual cows are given in table I. 

A concentration of 3 to 6 mg. per 100 cc. 
of blood is generally considered adequate 
for therapeutic effect in man.'*}!* A con- 
centration within this range, although 
rather to the low side, was attained in the 
cows in this experiment in 12 to 34 hours, 
as shown in table I. The level was reached 
in the shortest and longest time by two 
cows (Nos. 1 and 2) on the same dose 
schedule: four fractional doses daily at 
four-hour intervals. Brown, Thornton and 
Wilson'* observed considerable discrepancy 


“Brown, W. H., Thornton, W. B., and Wilson, 
J. S.: Observations on the absorption, distribu- 
tion and excretion of sulphapyridine, dagenan or 
M. & B. 693. J. Clin. Investig., xviii (1939), p. 803 
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TABLE I—Concentration of Sulfapyridine in the Blood, and Time Required 


DOSAGE 


No. 
FRAcT. 
Doses 
DAIL) 


Hours 
BETWEEN 
Doses 


GRAMS 
PER 
100 Lp. 
DAILY 


No. 
Days 


4 
‘ 
4 
1 


in the levels of sulfapyridine in the blood 
of human pneumonia patients on a stand- 
ard schedule of dosage. Flippin, Lockwood, 
Pepper and Schwartz!® observed satisfac- 
tory recoveries from pneumonia by many 
patients with blood levels below 3 mg. 

In the second experiment the drug was 
administered to four cows for six days. 
Two received 5 Gm. per 100 lb. of body 
weight daily, which was given to one cow 
in five fractions at four-hour intervals and 
to the other in three fractions of eight-hour 
intervals. Two cows received 6 Gm. per 
100 lb. of body weight daily; to one the 
daily dose was given in five fractions at 
four-hour intervals and to the other in 
three fractions at eight-hour intervals. 

The sulfapyridine blood level attained 
during the first 48 hours in the two cows 
receiving 5 Gm. per 100 Ib. of body weight 
daily is shown in figure 2.* Comparing the 
tracings in this figure with those in figure 
1 it will be seen that the concentration of 
free sulfapyridine in the blood increased 
more rapidly and reached a higher level in 
these cows on 5 Gm. per 100 Ib. of body 
weight daily than in those in the first ex- 
periment on 4 Gm. per 100 lb. daily. There 
was no significant difference, however, in 
the rate or regularity of the rise of the 

*Figure 2 shows the blood concentration for the 
first 48 hours only, although the drug was admin- 
istered for six days. More complete information 
is given in table IT. 

bE lippin, H. F., 
and Schwartz, J.: 


pneumonia with sulfapyridine. 
11, 1939), p. 529. 


Lockwood, J. S., Pepper, D. S., 
The treatment of pneumococcic 
J.A.M.A., exii (Feb. 


FREE SULFAPYRIDINE—MG. PER CENT 


WHEN 
ATTAINED 


3 TO 6 MG. IN 


MaxIMUM 
BLoop 


Conc. IN 
BLOOD 


Hour Day Hou: 


ONC. 
20 
26 
12 
34 


28 


sulfapyridine level between the cow receiy- 
ing the daily dose in five fractions at four- 
hour intervals and the one receiving it in 
three fractions at intervals of eight hours. 

A concentration of 3 to 6 mg. per 100 cc. 
of blood was obtained in all four cows in 
this group 12 to 26 hours after the initial 
This is considerably earlier than this 
level was attained in most of the cows in 
The time 
concentration for each individual cow are 
shown in table II. The concentration in 
the blood increased until the middle of the 
sixth day of administration, indicating that 
the drug is accumulative. A maximum con- 
centration of 11.6 to 13 mg. per 100 ce. of 
blood was attained. The maximum for each 
cow is shown in table IJ. There is no 
correlation between the size of the daily 
dose and the maximum concentration while 
the 3- to 6-mg. level was attained at nearly 
the same time on both schedules of dosage. 

Since serious toxic symtoms were not ob- 
served in the above experiments, although 
evidence of accumulation was noted, daily 
doses of 7, 8 and 9 Gm. per 100 lb. of body 
weight were administered to three cows for 
a period of six days, the quantity for each 
day being given in three fractions at eight- 
hour intervals. As will be seen in table !I, 
only the cow receiving a daily dose of 9 Gm. 
per 100 lb. of body weight had a higher 
concentration (14.4 mg.) of free sulia- 
pyridine in the blood than the cows in the 
previous experiment that were given da ly 
doses of 5 and 6 Gm. per 100 lb. A con- 


dose. 


the previous experiment. and 
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itration of 3 to 6 mg. was present in the 
od of the cows receiving daily doses of 
and 9 mg. per 100 lb. in 9 to 28 hours 
ter the initial dose and the maximum con- 
itration was attained on the fifth day, 
t the level of 3 to 6 mg. was not reached 
the cow receiving 7 Gm. per 100 Ib. until 
: 14th to the 38th hour, while the maxi- 
im was not attained until after the last 
se had been given on the sixth day. 
The concentration of free sulfapyridine 
the milk of the three cows in the last 
periment was also determined, the milk 
mples being taken from the total milk of 
regular milking. The maximum concen- 
ation in the milk was 1.8 mg. lower than 
at of the blood in the cow receiving 9 Gm. 
per 100 lb. daily, 1.2 mg. lower in the cow 
receiving 8 Gm. and 3.7 mg. lower in the 
cow receiving 7 Gm., and was attained 14 
hours later in the milk than in the blood 
in the first two cows, but 62 hours earlier 
in the third cow. The great difference in 
the maximum concentration in the milk and 
the time of its appearance in the latter cow 
compared with the other two suggests the 
operation of some undetermined factor. 


UNDESIRABLE OR TOXIC EFFECTS 


The appetite was affected in some degree 
in all of the cows, beginning on the second 
day and continuing until administration of 
the drug was stopped. They refused most 
of the grain ration, but ate the hay. All 
of the cows were eating normally by the 
day following the last dose of the drug. 
The feces in all cases became dry and well 
formed, but returned to normal by the time 
the animals regained a normal appetite. 
Milk production dropped from 1 to 4 qt. 
per day during treatment, but returned to 
normal after treatment. The temperature 

is not affected in any of the cows and 
nh» symptoms of urinary disturbance or 
© her serious toxic effects reported in man 
observed. 

The cow that received the daily dose of 
* Gm. per 100 Ib. of body weight developed 
n merous urticaria-like swellings in the 
sin. Most of them were located in the 


r rion of the neck, but they were scattered 
a over the body. 


The hair coat was rough. 
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The animal was extremely nervous and 
restless. These swellings were oval and 


ranged from 1 to 3 in. across the long axis. 
They appeared on the last day of treatment, 
but disappeared two days after the drug 
was stopped. This cow also was used in 
the two previous experiments, but did not 
show any sign of a reaction to the drug on 
these occasions. Two years ago, when work 
was being conducted with sulfanilamide, 
this cow showed severe skin reactions ap- 
parently due to sensitivity to that drug.'® 
At that time the animal had received four 
courses of the drug at different periods and 
on the last three occasions developed a num- 
ber of scabs varying in size from 0.25 to 3 
in. in diameter on the skin of the udder 
and teats, over the external angle of the 


7.0 


6.5 


w 
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Legend 


3.5 mmm Cow No.3 —five fractional 
doses daily at four hour 
intervals 


——— Cow No.4 —three fractional 
Goses daily at eight hour 
intervals 


Conc. sulfapyridine in blood —mg. per 100 c.c. 
ro) 


2.5 
2.0 
1.5 
1.0 
0.5 
HK 
Time in hours after initial dose. 
3 3 2 is 3 3 3 3 3 3 
4 a 4 4 4 4 
Fig. 2. Five grams of sulfapyridine daily per 100 Ib. 


of body weight. Figures immediately above are the 
numbers of the cows, and the positions of the figures 
indicate when the drug was administered. 


“Klein, L. A., Kleckner, A. L., and Parry, R. M.: 


Reaction of the cow to sulphanilamide and _ its 
effect on mastitis streptococci and staphylococci 
Univ. Pennsylvania Vet. Ext. Quart., xxxix (June 


15, 1939), p. 3. 
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TABLE !|—Concentration of Sulfapyridine in the Blood, and Time Required 


DOSAGE FREE SULFAPYRIDINE—MG. PeR CENT 


WHEN 


; 3 TO 6 MG. IN 
GRAMS No. 
sRAMS ATTAINED 


PER | No. | FRact. Hours BLoop 
100 Le. Days Doses | BETWEEN 


DAILy DAILY Doses 


MAXIMUM 
Conc. IN 
Conc. Hour BLoop Day Hour 
5 } | 2.6 14 

6.0 26 


6 14 
Ss 


Ss 


three courses of sulfanilamide.!® Here toxic 
symptoms were not noted on the first two 
courses, but on the third, five days after 
treatment was discontinued, the urticaria- 
like swellings developed. 


ileum, and on the thin-haired areas of the 
body. The areas were larger where the 
hair was white. If the scabs were loosened 
or pulled off, the exposed surfaces bled 
readily. Although the type of reaction 
noted in this animal was somewhat different 


; ‘ EFFECT ON THE BLOOD PICTURE 
in the sulfapyridine experiment, it may 


denote a sensitivity to this group of chem- 
ical compounds. 
A skin reaction similar to that described 


No apparent effect was noted on the red 
blood cells or on the hemoglobin content of 
the blood of the cows receiving sulfapyri- 


dine. Table III shows the total white cell 
counts and the neutrophil counts. The 


for this cow while on sulfapyridine was 
observed in another cow which had received 


TABLE |!|—Total White Cell and Neutrophil Counts 


DosaGEe Tora, Waite CELLs AND TotaL NEUTROPHILS 


PRELIMINARY DuRING TREATMENT 


GRAMS No. 
Cow PER No FRActT 
No. 100 Lp Days Doses 

DAILy DAILy 


Hours 
BETWEEN 
Doses 


MINIMUM MaxImMuM MINIMUM Maxru? 


Tota, | Neutro.| | Neutro.| NeutTrRO.| 


6700 1800 10500 3500 7700 2600 15400 


3900 1100 6300 1500 


4900 1100 S1LOO 


1500 1400 8400 2400 1600 1400 12200 


5700 | 1000 | 10800 2200 5600 1200 11800 


5800 2400 SSOO 2600 6700 1300 11400 


1300 1400 5400 1400 1600 2000 7300 


6100 4400 5000 1900 9000 


2100 | 10500 
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nimum and maximum preliminary counts 
ere obtained from four to five counts made 
efore the animal received the drug. The 
sunts recorded under the heading of treat- 
ent show the minimum and maximum 
counts obtained while the animal was re- 
ceiving the drug. Cow 1, while receiving 

daily dose of 9 Gm. per 100 Ib., had a 
slightly lower range of total white cells 
than was observed in the preliminary 
counts. The other cows, on the contrary, 
showed an increase in total white cells while 
receiving the drug. All of the cows showed 
an increase in the neutrophil count while 
under treatment. All of them also showed 
a characteristic shift in the leucocyte pic- 
ture, i.e., the percentage of lymphocytes 
decreased (in a few cases as much as 50 per 
cent) while the percentage of neutrophils 
increased. This finding is similar to that 
which occurred in the experiments with 
sulfanilamide!® except that no immature 
granulocytes were present in these cows. 
Likewise, no evidence of heavy granulation 
was noted in any of the cells, a condition 
observed in the cows showing severe toxic 
reactions to sufanilamide. 


SUMMARY 


Sulfapyridine was administered in a 
drench to six cows in three experiments to 
determine the quantity that could be ad- 
ministered without producing toxic effects, 
the time required to attain a concentration 
in the blood adequate for therapeutic effect, 
and how frequently the drug would have to 
be administered to maintain this level with 
the least fluctuation. 

The drug was given in daily doses of 
|, 5, 6, 7, 8 and 9 Gm. per 100 lb. of body 
veight. The daily quantity was adminis- 
‘ered in fractional doses on various sched- 

les and the concentration of free sulfa- 
yridine in the blood, white and red cell 
ounts, differential white cell count and 
emoglobin determined. 

On a daily dose of 4 Gm. per 100 lb. 

f body weight for 48 hours, a blood con- 

‘ntration of free sulfapyridine within the 

vel of 3 to 6 mg. per 100 cc. of blood, the 

meentration found therapeutically effec- 
ve for man, was attained in the individual 


cows in 12 to 34 hours after the initial 
dose was given. A maximum concentration 
of 3.6 to 4.2 mg. was attained in 32 to 44 
hours. 

When daily doses of 5 and 6 Gm. per 
100 lb. of body weight were administered 
for six days, the free sulfapyridine in the 
blood reached the 3- to 6-mg. level in 12 to 
26 hours. The blood concentration con- 
tinued to increase until the middle of the 
sixth day, when a maximum of 11.6 to 13 
mg. was attained, indicating that the drug 
is accumulative. 

On daily doses of 7, 8 and 9 Gm. per 100 
lb. of body weight administered for six 
days, the 3- to 6-mg. blood level of free 
sulfapyridine was attained in 9 to 38 hours. 
The cow on the 9-Gm. dosage attained a 
maximum blood level of 14.4 mg. on the 
fifth day. The maximum of the cows on 
the 7- and 8-Gm. dosage was no higher than 
that of the cows on the 5- and 6-Gm. dosage, 
but was attained one day earlier in the 
cow on the 8-Gm. dosage. The concentra- 
tion of free sulfapyridine in the milk of the 
cows on the 7-, 8- and 9-Gm. dosage was 
also determined and was found to be 1.8, 
1.2 and 3.7 mg. lower, respectively, than in 
the blood. 

The various daily doses were adminis- 
tered in fractional doses on different sched- 
ules. The sulfapyridine blood level rose 
most rapidly the first day when the daily 
dose was given in four fractions at in- 
tervals of four hours, but also had the 
greatest drop in the interval between the 
daily doses. There was less fluctuation of 
the sulfapyridine level when the daily dose 
was given in five fractions at four-hour 
intervals or in three fractions at intervals 
of eight hours. 

Undesirable effects were observed in all 
of the cows from all of the doses admin- 
istered. Loss of appetite, constipation and 
decrease in milk production occurred in all 
of them, but these conditions disappeared 
in a day or two after the last dose was 
given. One cow developed urticaria-like 
swellings in the skin which cleared up in 
the two days following the last dose. The 


temperature was not affected and no symp- 
toms of urinary disturbance or other se- 


Malignant Melanomas of Horses and Mules” 


RUSSELL A. RUNNELLS, D.V.M., M.S., and E. A. BENBROOK, V.M.D. 


Ames, lowa 


MALIGNANT MELANOMAS usually are such 
common and easily recognized tumors of 
gray and white equine animals that 
they are seldom submitted to the pathology 
laboratory for histologic study. It is not 
surprising, therefore, that during the past 
20 years only 16 malignant melanomas of 
horses and mules have come to our labora- 
tory from the college clinic. In some 
instances the specimens were obtained 
because the patient in the hospital came to 
necropsy in the pathology department. 

The designation malignant melanoma for 
this type of tumor has been used in this 
paper in preference to the older and more 
common name melanosarcoma. The reason 
for this is that the term sarcoma is appro- 
priate only when the malignant tumor 
originates from one of the types of connec- 
tive tissues. Since embryologists and his- 
tologists are not yet in agreement as to the 
exact origin and nature of the melanoblasts 
which form these tumors, it seems more 
suitable to designate them malignant 
melanomas. 

Regardless of what the parent tissue is 
from which malignant melanomas spring, it 
is known that in this tissue there is a 
massive overproduction of the black pig- 
ment melanin (fig. 1). It is safe to say 
that in one such tumor there may be several 
hundred times as much melanin as there is 
in the entire skin of a jet-black horse. In 
fact, there may be such an overproduction 


*From the Department of Veterinary Pathology, 


lowa State College. 


(Continued from preceding page) 
rious toxic effects reported in man were 
observed. 

There was no effect on the red cells or 
hemoglobin content of the blood. The total 
white cell count increased in all but one 
cow. The percentage of lymphocytes de- 
creased while the percentage of neutrophils 
increased. 


of the black pigment that it may appear 
in the blood and urine, giving rise 
melanemia and melanuria. 

Fourteen horses and two mules supplied 
the 16 tumors for this report. Ten of the 
horses are definitely known to have been 
gray or white Percherons. The color and 
breed of the other four were not recorded. 
One of the two mules was white; the color 
of the other was not indicated. In all prob- 
ability all of the animals were gray or 
white. 

Age as well as color was apparently a 
factor in the incidence of these malignant 
melanomas. The nine animals for which 
the age was recorded were from 8 to 18 
years old. Only one malignant melanoma 
was obtained from a young animal. This 
was a 4-year-old gray mare that had a 
malignant melanoma, ovoid in shape and 
about 6 cm. in its greatest dimension, at 
the nipple of the left mammary gland. The 
tumor was first noticed about nine months 
prior te its removal. 

There were no particularly favored sites 
for the 16 primary tumors in this series. 
Six were located on various parts of the 
head—-base of an ear, in an orbital cavity, 
on the face near an eye, on an eyelid, in a 
false nostril and in the parotid region. T! 
other ten were scattered widely—one 0! 
each of the following locations: pectora 
region, shoulder, leg and inguinal regio: 
(fig. 2); two in each of the following site 
mammary gland, tail and subcutis at unm 
corded locations. 

The period of growth of most of the 
malignant melanomas was measured 
months, usually less than a year. In 0 
animal the period was a full year; in 
other, the almost unbelievable period 
six years. However, in this animal t 
period of most rapid growth was of tv 
year duration. (See case 3.) 

The following four cases were of spec 
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iterest because of the extensive metastasis 


the malignant melanomas in them. 


PORT OF CASES 


‘ase 1—-A gray Percheron gelding of un- 
wn age (fig. 2). Six weeks prior to the 


rance of the animal to the clinic the owner 
iced a swelling in the right inguinal region. 
ce it was suppurating, the owner believed 
o be an abscess. Subsequently, however, it 


idly assumed the appearance of a tumor. 
en the horse was brought to the clinic 


Was in poor condition, anemic (hemoglobin 
by the Tallquist scale) and showed a mod- 
te general leucocytosis (total count of ap- 
ximately 13,000). A 20-lb. malignant mela- 
la was removed surgically under general 
sthesia from the right inguinal region, but 
animal died before regaining consciousness. 
t postmortem examination it was apparent 

even had the animal survived the opera- 

its chances to live were limited by wide- 
ad and extensive metastases. The bulk of 
primary tumor had been removed from 


Section of a cutaneous malignant melanoma (x 140). 


the external inguinal region but the inguinal 
canal was filled and distended by a black and 
white mottled tumor mass. This mass pro- 
truded into the abdominal cavity and also in- 


filtrated between the adjacent abdominal 
muscles to the head of the femur, and along 
the penis. Black foci also appeared in the 


nearby gluteal muscle. 

The extent of the apparent 
from the widespread lymph-node involvement. 
The inguinal, iliac, sacral, lumbar, hepatic, 
splenic, bronchial and mediastinal nodes were 
generally enlarged, nodular on the surface and 
blackened in the parenchyma. 

Black nodules up to the size of were 
distributed throughout the lungs. Furthermore, 
the lung parenchyma showed rather uniform 
black mottling. Sections of the lung have 
been used in the classes in general pathology 
at this institution for several years to show 
tumor cell embolism and thrombosis (fig. 3 

Both the surface and parenchyma of the 
liver and spleen were studded with black 
nodules some of which were as large as hen 
eggs. The liver was about twice normal size 


metastasis is 


peas 
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(38 lb.) and the spleen about eight times its 
normal size (25 Ib.). 

The metastases in the kidneys were small 
and few. 


Case 2.—An 8-year-old white mule. A malig- 
nant melanoma 14 cm, in diameter was located 
on the right anterior pectoral region near the 
entrance to the thorax. The tumor extended 
into the thoracic cavity and metastasized to 
the lungs and spleen. In the lower cervical 
region a large aneurysm of the jugular vein 
resulted from pressure exerted by the tumor. 
Around the multiple pulmonary metastases an 


Fig. 2. 


Malignant melanoma of the inguinal 
region of a gray gelding. 


acute pneumonia developed which terminated 
in the death of the mule. 


Case 3.—A 10-year-old gray Percheron geld- 
ing. For six years a tumor had been present 
on the left thoracic wall just posterior to the 
elbow. Growth had been slow for four years 
and then gradually became accelerated. The 
owner brought the gelding to the clinic for 
the removal of the tumor because he believed 
there must be some relationship between the 
neoplasm and the animal’s rapid decline in 
condition, proneness to fatigue and shortness 
of breath. The owner was advised of the prob- 
able internal mestastasis, but insisted that the 
surface tumor be removed. The horse died on 
the operating table during manifestations of 
severe dyspnea before a general anesthesia was 
given. The owner was present at the time and 
gladly consented to a necropsy. 


In addition to the surface malignant mela- 
noma, which weighed approximately 15 Ib., a 
43-lb. metastasis occupied practically all of the 
left thoracic cavity unoccupied by the heart. 
Obviously, when the horse was placed on the 
operating table on its right side, the massive 
thoracic neoplasm so completely compressed 
the right lung that atelectasis resulted and 
death occurred suddenly by asphyxiation. 


RUSSELL A. RUNNELLS AND E. A. BENBROOK 
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Case 4-——An 18-year-old white Percher 
gelding. The animal was brought to the clini 
for amputation of the tail because of the pres. 
ence on it of a large malignant melanonna. 
Nine months later the owner donated the horse 
to the clinic for instructional purposes, stating 
that the animal was no longer fit for work. 
At that time the gelding had several firm, 
movable subcutaneous tumors, the largest of 
which (7.5 cm. in diameter) was located on the 
lower right cervical region. The animal was 
in poor condition and stood with the hind 
limbs abducted. 

The horse was destroyed and _ necropsy 
showed the sacral lymph nodes on both sides 
to be extremely large. The right node was 
somewhat egg shaped and had a length of 15 
cm. and a diameter of 8 cm. The posterior 
fourth of the node was pigmented black; the 
anterior three fourths was mottled with dark 
gray and black. The left sacral lymph node 
had a similar appearance, but was smaller than 
the right node. The internal iliac nodes were 
somewhat enlarged and posteriorly were black, 
but anteriorly the normal gray. 

Metastasis of the large tumor in the lower 
cervical region occurred to the prepectoral 
lymph nodes. The primary neoplasm was black 
with a gray center, but the slightly enlarged 
prepectoral nodes were entirely black. Furthe 
metastasis was observed in two small lymph 
nodes in the pericardial fat. These nodes were 
jet black and as large as marbles. 

In the liver were large numbers of metas- 
tases of varying sizes, but with a maximum 
diameter of 4 cm. They were mostly black, 
but in some areas a collection of small tumors 
were mixed black and dark gray. Solitary tu- 
mors in the liver were entirely black, others 
solidly grayish black. Black growths, however, 
predominated. One located partially on the 
outside of the liver projected beyond the sur- 
face of the organ and was completely sur- 
rounded by a moat-like depression. It was 2 
cm. in diameter and black. 

Three metastases appeared in the spleen: 
One 4 cm. in diameter was black, one 1.5 cm. 
in diameter was dark gray and one 1 cm. in 
diameter was white. 

In the left adrenal gland at the pole nearest 
the kidney, a spherical, black neoplasm 1.5 
cm. in size occupied the medulla. It was sur- 
rounded by a caseocalcareous zone. 

In the right atrial wall of the heart appeared 
several metastases ranging in size up to 2 «m. 
The largest ones projected into the atrial 
chamber and were pedunculated. A few pea- 
sized ones were scattered throughout the 
ventricular wall. All of the myocardial tumors 
were black. 

The most surprising finding in this horse 
was the almost complete absence of metast«sis 
to the lung. Only one small tumor was presen! 
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Fig. 3. 
there. Still more surprising was its white 
This tumor was a 1l-cm. sized sphere. 

Sections of the jet-black tumors, the gray 
ones and those without pigment show a variety 
of interesting features with regard to these 
three types of growths. First, the black tumors 
are heavily pigmented with melanin, the gray 
show moderate or slight pigmentation 
and the white ones reveal an absence of the 
pigment. Furthermore, the type of cell is least 
embryonic in the black neoplasms and most 
embryonic in the white ones. The degree of 

turity of the cells in the gray tumors lies 
ween that of the black and white ones. So 
mbryonic are the cells in the white tumors 

t numerous mitotic figures, extremely large 

S with vesicular nuclei, and many multi- 

leated giant cells are present. The cells 
a for the most part round and variable in 
$1 On the other hand, the cells in the highly 
Piemented tumors have smaller yet quite em- 
hrvonie nuclei, and the cells are mostly oval 
or spindle shaped. In the gray tumors the 
nuclei were round, and quite uniform in size 
shape. 
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Tumor-cell embolus in a pulmonary capillary of the gelding shown in figure 2 (x 165). 


SUM MARY 

1) Malignant melanomas from 14 horses 
and 2 mules furnish the basis for this 
report. 


DISCUSSION AND 


2) Ten of the horses were gray or white 
Percherons, one of the mules was white and 
the other five animals presumably were 
white or gray. 

3) A majority of the animals were 
known to have been from 8 to 18 years of 
age. 

4) There were no outstanding favored 
anatomic locations for the 16 primary 
tumors, 
given of four 
metastasis 


are 
extensive 


reports 
which 


5) Case 
animals in 
occurred. 

6) From the study of sections of wide- 
spread metastasis in a case in which the 


Studies on Immunization in Equine Infectious Anemia 


C. D. STEIN, V.M.D., and O. L. OSTEEN. D.V.M. 
Washington, D. C. 


PREVENTIVE VACCINATION against infectious 
anemia has been attempted by a number of 
investigators. In recent years Heath! re- 
ported that neither the pseudoglobulin 
fraction from virulent plasma nor the red 
blood cells or blood plasma from infected 
animals when inactivated by 0.25 per cent 
formalin established immunity to infection 
in susceptible animals. 

Balozet?° reported that virus inactivated 
either by phenol or saponin failed to estab- 
lish immunity in susceptible animals and 
that results obtained with virus attenuated 
with bile or glycerin were insufficient to 
serve as a basis for immunization. Mocsy® 
reported that intravenous injections of 
virus killed by formol (0.3 to 0.5 per cent; 
two to four injections of 60 to 150 cc. at 


*From the Pathological Division, Bureau of Ani- 
mal Industry, U, S. Department of Agriculture. 

‘Heath, L. M.: Research on swamp fever or in- 
fectious anemia. Rpt. Vet. Dir. Gen., Dept. Agri., 
Canada, for year ending March 31, 19381 (19381), 
Appendix 4, 

“Balozet, L.: 
infectieuse des equides. 
xxiv (1935), p. 297. 

Wbid.: Rend. 
S18, 


tudes experimentales sur l’anemie 
Arch, Inst. Pasteur, Tunis, 
Soc. (1935), p. 


Compt. Biol., cxix 


‘Tbid., exxii (1936), p. 283. 
Tbid., pp. 285-286. 
°“Mocsy, J. V.: 
bei der ansteckenden 
Tieriirzt. Wochnschr., xliii 


Immunisierungs und Heilversucho 
Blutarmut der Pferde. Deut. 
(1935), p. 211. 


(Continued from preceding page) 
tumors were black, dark gray and white, 
one gets the impression that the tumor 
cells, regardless of color, are all derived 
from the same parent tissue. Greater 
maturity of tumor cells and greater abun- 
dance of melanin were associated with the 
primary tumors in this case and also with 
the more slowly growing and older metas- 
tases. Greater immaturity of tumor cells 
and lack of or slight pigmentation appeared 
to be associated with recent and rapidly 
developing metastases. 


ten-day intervals) conferred no immunity 
in horses against experimental inoculation 
of attenuated or fully active virus. 

Since tissue vaccines in which the virus 
was modified, attenuated or inactivated by 
chemicals, heat or desiccation have proved 
to be effective immunizing agents against 
a number of filtrable virus diseases of both 
man and animals, attempts were made to 
prepare by similar methods several differ- 
ent types of tissue vaccines for equine in- 
fectious anemia. 


MATERIAL AND METHODS 


The experiments were carried out during 
1936, 1937, 1938, 1939 and 1940 by the Patho- 
logical Division at the Animal Disease Station, 
Beltsville Research Center, Beltsville, Md. 

The vaccines were prepared from brain tissue, 
spleen tissue, defibrinated blood and_ blood 
plasma collected from horses known to be in- 
fected with infectious anemia. The tissues were 
treated with chemicals, with heat or by desicca- 
tion in accordance with the methods success- 
fully used in the preparation of vaccines fo! 
other types of filtrable virus diseases. 

The potency and safety of the vaccines were 
tested on normal horses, by the subcutaneous 
administration of the vaccines in single or mul- 
tiple doses, followed by exposure of the vacci- 
nated animals to large doses of virus by sub- 
cutaneous inoculation. The virulence of the 
exposure virus was checked by the inoculati 
of normal control horses at the time vaccinate 
horses were exposed. 

The horses used in these experiments w 
of the light type, 900 to 1,100 lb., and were he! 
under observation in screened stables with < 
crete floors. Temperatures on all the test ani- 
mals were taken and recorded twice daily. |! 
lowing exposure to the virus, the course of 
disease in all the animals that became infe: 
was studied and recorded. 

Formalized Brain Vaccine—Two lots of 
malized brain-tissue vaccine were prepared 
follows: Sterile horse brain tissue remo 
from horses experimentally infected with 
fectious anemia and destroyed during an a 
attack was finely ground by passage throug 
meat grinder, by trituration in a mortar 
finally, by forcing through a fine mesh sc! 
(about 60 mesh to the square inch). Suffic 
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TABLE I—Tests on Chemically Inactivated Tissue Vaccines 


Exposure TEest 


Vac PERIOD Periop Ar- 
Tac | Inyec Dose | ToTaL| Arrer Ist| Amount | TER INJEC 
Tyre or Vaccine |Horses, No PER | DOSES Dose |Vac.INjec.| or Virv- Virus 
Testep Usep oF }ANIMAI |_VAC. ANIMAL LENT THat 
Horse PER \GIvVEN| REMAINED | BLoop ANIMAL ResuLTs 
Dose VELL Injec. |DEVELOPED 
| Supev IN] E« 
ANEMIA 
No ee No Days | ce. | Days } ee Days 

Formalized brain 1 Vac. S91 100 1 100 150 =| 100-V.718 17 Apparently prolong- 

vaccine, lot 1 1Con.; 898 | None Control None 100-V.718 9 ed incubation pe- 
riod but failed to 

immunize 
| Expos. virus virulent 

Formalized br.:in 922 100 2 10 200 60 50-V. 904 12 Failed to immunize 
vaccine, lot 2 (a ) 924 100 2 10 200 60 50-V. 904 11 Failed to immunize 
10% suspension of} 4 Vac, ) 926 100 6 10 600 60 0-V. 904 12 Failed to immunize 
brain tissue in nor- 927 100 6 10 600 60 50-V. 904 20 Failed to immunize 
mal saline treated) 2 Con. | { 923 | None Control None 50-V. 904 14 Expos. virus virulent 
at least 30 days 1925 | None Control None 50-V. 904 10 Expos. virus virulent 
with 0.4% form- 
alin) 

Formalized spleen | 1 Vac. 958 100 3 10 300 125 -V. 955 11 Failed to immunize 
vac. (a 10% sus-| 2 Con. | f 982 None Control None 50-V. 955 7 Expos virus virulent 
pension of spleen (977 | None Control None 50-V. 955 11 | Expos. virus virulent 
tissue in normal 
saline treated at 
least 90 days with 
0.4% formalin 

Chloroform brain 1 Vac. 996 50 l 50 102 50-V., 999 8 Failed to immunize 
vaccine (a 33 1-3) 1 Con. | 1005 None Control None 50-V. 999 6 Expos. virus virulent 
suspension 

1) | brain tissue in nor- 
mal saline treated 
at least 90 days 
with 1% chloro- | 
form) 

Crystal-violet phe-| 2 Vac. | § 930 100 1 100 102 50-V. 917 10 Failed to immunize 
nol spleen vaccine 1955 100 I 100 102 50-V. 917 11 Failed to immunize 
(McBryde and | 
Cole method) 

Crystal-violet phe-| 2 Vac. | { 956 100 2 10 200 102 50-V. 917 12 |Failed to immunize 
nol defibrinated 1 957 100 2 10 200 102 50-V. 917 9 Failed to immunize 
blood vaccine 3 Vae. ( 921 100 7 10 700 102 50-V. 885 9 Failed to immunize 
(McBryde and < 932 100 7 10 700 102 50-V. 885 9 Failed to immunize 
Cole method)? (931 100 7 10 700 102 50-V. 885 9 Failed to immunize 

\ 999 | None Control None 50-V. 885 9 Expos. virus virulent 
3 Con. |< 966 | None Control None 50-V. 917 11 Expos, virus virulent 
| 4974 None Control None 50-V. 917 21 Expos, virus virulent 


iysiologic saline was added to the finely 
ound brain to make a 10 per cent suspension, 
d the suspension was milled in a ball mill 

several hours. After adding sufficient for- 
alin to make up to 0.4 per cent, the mixture 
is placed in a tightly corked container and 
oroughly agitated, and the resultant formal- 
‘d 10 per cent saline suspension of brain was 
iced under refrigeration at 5 C. and held 

a period of at least 30 days before being 
sted. The mixture was agitated for 15 min- 
es daily while in storage so as to insure a 
rough mixture of the brain emulsion with 
malin. 


The two lots of vaccine, consisting of a 16 
cent brain suspension in physiologic saline 
ated with 0.4 per cent formalin for at least 
days, were tested for immunizing value as 
lows: 100 cc. of lot 1 was injected into a 
mal test horse which remained well for a 
iod of 150 days following vaccination, but 


when exposed by subcutaneous injection of 100 
cc. of virulent blood the vaccinated horse devel- 
oped infectious anemia in 47 days. A control 
horse exposed at the same time in the same 
way developed the disease on the 9th day. 


This test indicates that although the vac- 
cine failed to immunize the vaccinated test 
horse against infectious anemia, it did ap- 
parently prolong the incubation period to 
47 days. (See table I, section A.) 


Lot 2 was tested on four normal horses. Two 
horses received two injections of 100 cc. each 
of the vaccine at intervals of ten days, and 
two received six injections of 100 cc. each of 
the vaccine at intervals of ten days. The four 
vaccinated horses remained well for a period 
of 60 days following the date of the first injec- 
tion. They were exposed to active virus to- 
gether with two normal control horses, and all 
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the animals developed infectious anemia in 
from 10 to 20 days following exposure. 


This test indicates that the formalized 


brain vaccine has no immunizing value 
against infectious anemia when adminis- 


tered in large amounts (200 cc. in two doses 
or 600 cc. in six doses). (See table I, sec- 


tion B.) 
Formalized Spleen Vaccine.—One lot of for- 
malized spleen vaccine was prepared from 


sterile spleen tissue collected from a horse ex- 
perimentally infected and destroyed during an 
acute attack. 

The same methods described for the prepara- 
tion of formalized brain vaccine were employed 
for the production of this vaccine. The virus 
centained in the spleen tissue was inactivated 
by the addition of 0.4 per cent formalin to a 
10 per cent suspension of finely ground spleen 
in physiologic saline. The formalized 10 per 
cent saline suspension of spleen was held under 
refrigeration at a temperature of 5 C. for at 
least 90 days before being tested. 

The immunizing value of the formalized 
spleen vaccine was tested on one normal horse. 
This animal received 300 cc. of the vaccine 
(three 100-ce. doses at intervals of ten days) 
and remained normal for a period of 125 days 
subsequent to the date of the first injection. 

The vaccinated horse, together with two 
normal control horses, was exposed to active 
virus, and all three developed infectious 
anemia in from seven to eleven days follow- 
ing exposure, indicating that the formalized 
spleen vaccine was of no value as an immu- 
nizing agent against infectious anemia. 
(See table I, section C.) 


Chloroform-Treated Brain Vaccine.—One lot 
of chloroform-treated brain vaccine was pre- 
pared from sterile brain tissue collected from 
a horse experimentally infected with infectious 
anemia and destroyed during an acute attack. 

The same general procedure employed in the 
preparation of formalized brain vaccine was 
used in the production of this vaccine with the 
exception that a 33% per cent suspension of 
finely ground brain in physiologic saline was 
treated with 1 per cent chloroform for a period 
of at least 90 days at 5 C. before being tested. 

The 1 per cent chloroform-brain-tissue vac- 
cine was tested on one normal horse. This ani- 
mal received a subcutaneous injection of 50 ce. 
and remained normal for a period of 102 days 
following administration. 


The vaccinated horse and a normal con- 
trol horse were exposed in the same manner 
to active virus, and both animals developed 
infectious anemia in from six to eight days, 


indicating that the chloroform inactivated 
brain vaccine had no immunizing value 
against infectious anemia. (See table |, 
section D.) 


Crystal-Violet and Phenol Vaccines.—Two 
types of crystal-violet and phenol-treated tis 
sue vaccines were prepared. One lot was pre 
pared from spleen tissue and the other from 
defibrinated blood. These vaccines were prt 
pared in accordance with the method advocated 
by McBryde and Cole’ for the production, for 
hog cholera, of crystal-violet vaccine containing 
phenol. 

Preparation of Crystal-Violet and Phenol 
Spleen Vaccine.—To every 90 parts of finely 
ground spleen collected from a horse affected 
with acute infectious anemia, ten parts of 
aqueous 1 per cent phenol was first slowly 
added and thoroughly mixed, after which five 
parts of an aqueous 1 per cent solution of pure 
crystal violet was added. The mixture was 
thoroughly agitated, transferred to a flask and 
placed in a refrigerator, where it was held for 
a period of at least 72 days at 5 C. before being 
tested. 


Crystal-Violet and Phenol-Defibrinated Blood 
Vaccine.—This vaccine was prepared by sub- 
jecting defibrinated blood collected from an 
acute case of infectious anemia to exactly the 
same treatment with crystal violet and phenol 
as described in the production of the crystal- 
violet spleen vaccine, with the exception that 
following the addition of phenol and crystal 
violet the vaccine was first incubated for 14 
days at 37.5 C. and then stored in the refriger- 
ator at 5 C. for at least 62 days before being 
tested. 

The crystal-violet and phenol-treated spleen 
and defibrinated blood vaccines were tested as 
follows: Two normal horses were injected sub- 
cutaneously with 100 cc. each of the spleen vac- 
cine; two normal horses were injected subcu- 
taneously with two doses of 100 cc. each at 
intervals of ten days of the defibrinated blood 
vaccine; and three horses were injected sub- 
cutaneously with seven doses of 100 cc. each at 
intervals of ten days of the defibrinated blood 
vaccine. 

The seven vaccinated horses all remained 
normal for a period of at least 102 days 
following the date of first injection of vac- 
cine, but when exposed to active virus to- 
gether with three normal control horses al! 


the vaccinated horses as well as the three 


controls developed infectious anemia in 
from 9 to 21 days. 
This test indicates that crystal-viole' 


™MecBryde, C. N., and Cole, C. G.: Crystal-viole 
vaccine for the prevention of hog cholera: progres 
report. J.A.V.M.A., Ixxxix (1936), pp. 652-663. 
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TABLE |l—Tests on Heat-Killed and Chemically Inactivated Serovaccines 


| | 


| | Exposure 
| Dose or ANIMAI be 
| Vaccine | REMAINED | AMOUNT OF | 
ype oF VaccINE TESTED Horses No. OF | INJEC WeLLAFTER) ViIRULEN1 
Usep | Horse} Suscu. INJEC. BLoop INCUBATION RESULTS 
| Vac. | INJEC. 8. Periop 


| 


Serum N 


ee. | 
| ated 57-58 C. 1 hour 1 909 250 
Heated 58-59 C. 1 hour l 90S 250 
Heated 59-60 C. 1 hour 1 308 150 
eated with 0.1% formalin for l |} 963 | 50 
days 
reated with 0.2% formalin for 1 | 964 | 50 | 
33 days | 
| 
lreated 30 days with phenyl l |} 916 | 100 | 
mereury acetate 1:10,000 
phenol 1:400 | 
| 
lreated 30 days with crystal l | 917 100 
violet 0.1%—phenol 0.05% 
freated 30 days with phenol 1 918 100 
0.5% 
freated 30 days with 0.5% l 939 100 
phenol and 0.5% ether 
2 Controls None | 
1 Control None 
2 Controls None | 
2 Controls None 


and phenol spleen and defibrinated blood 
vaccines have no immunizing value against 
infectious anemia. (See table I, section E.) 


Serovaccines——A number of  serovaccines 
were prepared by inactivating virulent blood 
plasma from infectious anemia horses with 
heat or chemicals as follows: 

1) by heating at 57 to 60 C. for one hour 
(three different lots), 

2) by treatment with 0.5 per cent phenol for 
30 days at 5 C. (one lot), 

3) by treatment with 0.5 per cent phenol 
combined with 0.5 per cent ether for 30 days at 
5 C. (one lot), 

4) by treatment with 0.1 or 0.2 per cent 
formalin for 33 days at 5 C. (two lots), 

5) by treatment with 0.1 per cent crystal 
Violet with 0.05 per cent phenol for 30 days at 
5 C. (one lot), and 

6) by treatment with phenyl mercury acetate 
1 to 10,000 combined with phenol 1 to 400 for 
30 days at 5 C. (one lot). 

The six different lots of serovaccines in- 
activated by the action of chemicals and 
the three different lots of serovaccines in- 
activated by heat were each tested on nor- 
mal horses by the subcutaneous injection of 
50 to 250 ec. of the vaccine. All the horses 
s> treated remained normal for at least 92 
days, but when exposed by subcutaneous 
inoculation to an active virus all the vac- 
cinated animals developed infectious ane- 


AND SOURCE | 


Days ce Days 
120 50-V. 904 12 | Failed to immunize 
120 50-V. 904 11 | Failed to immunize 
128 150-V. S84 9 | Failed to immunize 
92 5O0-V. 955 13 | Failed to immunize 
92 | 50-V. 955 8 | Failed to immunize 
104 | 50-V. 904 14 | Failed to immunize 
104 50-V. 904 | 13 Failed to immunize 
104 50-V. 904 13 Failed to immunize 
O4 50-V. 917 | 14 Failed to immunize 


50-V. 904 10 and 14 Expos. virus 904-virulent 
150-V. 884 12 Expos. virus 884 virulent 
50-V. 955 7 and 11 Expos. virus 955-virulent 
— 50-V. 917 11 and 21 Expos. virus 917-virulent 


mia. Normal control horses exposed to the 
same strain of virus, used in exposing the 
vaccinated horses, all developed infectious 
anemia. 

These tests indicate that virulent serum 
when inactivated by heat or chemicals in 
accordance with the methods described has 
no value as an immunizing agent against 
infectious anemia. (See table II.) 


Desiccated Tissue Vaccine.—An attempt was 
made to prepare a tissue vaccine from spleen 
and lymph glands after the method used in 
preparing rinderpest vaccine, that is, attenua- 
tion of the finely emulsified virus containing 
spleen and lymph-gland tissue by drying over 
calcium chloride in a vacuum desiccator at 5 C. 
Unlike the virus of rinderpest the virus of in- 
fectious anemia was not attenuated or de- 
stroyed by this process. The finely powdered 
tissue produced by this method when suspended 
in normal saline and injected into susceptible 
horses was found to be fully virulent after 
desiccation for two weeks, three weeks, four 
weeks, and as long as nine months. Its use 
as a vaccine was, therefore, obviated. (See 
table III.) 


TESTS ON IMMUNIZING VALUE OF PSEUDO- 
GLOBULIN AND SERUM-ALBUMIN FRACTION 
FROM VIRULENT PLASMA 


The pseudoglobulin and serum-albumin 
fractions were separated from virulent 
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TABLE |!l—Tests 


Driep IN VACUUM 
DEsICCATOR OVER 
CaLcruM CHLORIDE) Horse 


SOURCE OF VIRUS ) 
No. 


TIME 
DesiccaTED) TEMP. 
Macerated lymph | 2 weeks 5 C. | 1036 
glands and spleen 
tissue from in- 
fected horse 1005 


| 3 weeks 5 C. 1043 


4 weeks § ©. 1044 


9 months 5C. 1080 


and 10 days 


plasma by fractionation of serum by the 
ammonium sulfate salting-out method fol- 
lowed by dialysis, as commonly used by 
commercial biological manufacturers in the 
concentration of antitoxins. 
Horse-inoculation tests showed no active 


virus in either the pseudoglobulin fraction , 


or serum albumin, but neither of these 
fractions when injected into susceptible 
horses in amounts of 50 cc. each established 
an immunity to subsequent experimental 
exposure to the virus. 


ATTEMPTS TO ATTENUATE THE VIRUS BY 
CHEMICALS 

Virus contained in brain tissue when 
treated with 0.4 per cent formalin for 13 
days or with 1 per cent chloroform for 60 
days was modified so as to prolong the in- 
cubation period, but such virus remained 
fully virulent and could, therefore, not be 
employed as a vaccine. 


ATTEMPTS TO PRODUCE A HYPERIMMUNE 
SERUM 

The survival of a horse affected with a 
latent type of infectious anemia after re- 
ceiving several injections of virulent blood 
from acute cases suggested the possibility 
of producing an immune serum for preven- 
tive treatment by hyperimmunization. Ac- 
cordingly, a horse affected with a chronic 
carrier type of the disease was given 22,900 
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MeETHOD OF EXxPosuRE | 


Subcutaneous 2.4 Gm. of. 
pulverized desiccated 12 days; acute case 
spleen and lymph 
gland in 20 ce. of nor- 
mal saline solution 
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to Determine the Immunizing Value of Desiccated Tissues from a Case of Infectious Anemia 


RESULTS 
AND AMOUNT 


Symptoms developed in 


. Symptoms developed in 9 
days; chronic case 


Symptoms developed in 
12 days; chronic cas¢ 


Symptoms developed in 
14 days; acute case 


cc. of virulent serum in ten intravenous 
injections. The serum was obtained from 
five different horses infected with acute in- 
fectious anemia. The injections were made 
at intervals of two to five days in amounts 
varying from 1,700 cc. to 3,000 cc. each. 
Aside from a slight rise in temperature 
following injections, the animal for a con- 
siderable length of time showed no ill ef- 
fects, but two months following hyperim- 
munization the animal developed an acute 
fatal attack and died of infectious anemia. 


SUMMARY 


In summarizing the results of immunity 
tests on horses treated with inactivated 
tissue vaccines, it is seen that such vac- 
cines prepared from formalized brain or 
spleen tissue, chloroform-treated brain tis- 
sue, crystal-violet and phenol-treated de 
brinated blood or spleen tissue, and cher 
ically or heat-treated blood plasma failed 
protect horses vaccinated with larve 
amounts of the vaccines against exposure 
to the virus of infectious anemia. Neith:r 
did any of the vaccines produce infectio 
anemia in any of the vaccinated horses, | 
dicating their freedom from virus. T 
apparently virus-free pseudoglobulin a 
albumin fractions from virulent plas) 
likewise had no value as immunizing agen 

Attempts to attenuate the virus by des 
cation were unsuccessful, the virus rema 
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Ti.< Effects of Kidney Damage upon the Nitrogenous Constituents 
§ Dog’s Blood and upon the Specific Gravity of the Urine’ 


JAMES B. ALLISON, Ph.D., M. L. MORRIS, D.V.M., D. F. GREEN, Ph.D., and 
H. O. DRESKIN, M.S. 
New Brunswick, N. J. 


IN \ PREVIOUS paper! in which kidney dam- 
in the dog was discussed it was em- 
sized (1) that in most cases of kidney 
iage the ability to concentrate the urine 
reases, (2) that urea-nitrogen retention 
he blood is a better measure of renal im- 

pairment than other forms of non-protein 
nitrogen, and (3) that edema due to low 
concentrations of blood proteins seldom de- 
velops. Some of the data which led to 
these conclusions are presented here. 


METHODS 


The methods of analysis of the blood used 
his work were the same as those previously 
described,” except for the non-protein nitrogen 
determinations, which were made on laked pro- 
tein-free blood filtrates* instead of on unlaked 
filtrates.* The specific gravities of the urines 
were determined after depriving the animals 
of water for eight to twelve hours. 


Department of Physiology and Bio- 

istry, Rutgers University, and the Raritan 
ital for Animals. The work herein reported 
done under the sponsorship of the Bureau of 
gical Research, Rutgers University. 

\llison, J. B., Morris, M. L., and Green, D. F.: 
al laboratory methods in small animal prac- 
J.A.V.M.A., xciii (1938), p. 176. 

\llison, J. B., Morris, M. L., and Dreskin, H. O.: 
and bibliography on some nitrogenous con- 
nts of normal dog’s blood. Am. J. Vet. Res., 

\pr. 1941), pp. 196-198. 
jin, O., and Wu, H.: A system of blood anal- 
J. Biol. Chem., xxxviii (1919), p. 81. 

olin, O.: Unlaked blood as a basis for blood 
ysis. J. Biol. Chem., Ixxxvi (1930), p. 173. 
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fully virulent after desiccation for two 
ks to nine months. Attempts to atten- 
e the virus by chemicals resulted in 
e modification. The incubation period 
prolonged but the virus remained viru- 
and, therefore, could not be used as a 
‘ine. Attempts to produce an immune 
im by hyperimmunization of a carrier 
1 large amounts of virulent serum were 
wise unsuccessful. 


The specific gravities of the urines of a 
group of dogs are plotted against the milli- 
grams of urea nitrogen per 100 cc. of 
blood in figure 1. All of the values below 
the dotted line in the figure were obtained 
on animals with normal kidney function as 
measured by urea clearances. All of the 
values above the dotted line were obtained 
on dogs with urea clearances less than nor- 
mal. In general, the higher the blood urea 
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FIC GRAVITY URINE 


Fig. |. The milligrams of urea nitrogen per 100 cc. 

of blood are plotted against the specific gravity of 

the urine. The data illustrated by the circles below 

the dotted line were obtained on normal dogs. The 

data illustrated above the dotted line were obtained 
on dogs suffering from kidney damage. 


nitrogen the greater was the extent of the 
kidney damage. These data show, there- 
fore, that in these dogs after a period of 
limited fluid intake a low specific gravity 
of the urine correlated with higher than 
normal blood urea nitrogen is of clinical 
significance in detecting renal impairment. 

The relationship of the retention of blood 
urea nitrogen, non-protein nitrogen and 
creatinine by dogs with renal impairment 
is shown in table I. The tendency for 


blood urea nitrogen to increase more than 
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RESULTS 
| 
i 
i 


TABLE i—Blood Urea Nitrogen, Non-Protein Nitrogen 
and Creatinine Taken from Hospital Records on Dogs 
Showing Nitrogen Retention 


| | | 
| 
| Urea N. N.P.N. |UreaAN.| Creat- 
Doa iMG. 100 cc.)Ma./100 cc.) N.P.N. ININE 
No. | iIMG./100 cc. 


36 
0 

6 
3 
0 
9 
0 


*Averages from 20 normal dogs. 

the non-protein nitrogen in cases of nitro- 
gen retention is illustrated by the urea N/ 
N.P.N. ratios recorded in column 4 of the 
table. The increase in creatinine is not as 
uniform as the increase in urea nitrogen 
or the N.P.N. The lack of uniformity is 
probably due in part to the variation in the 
chromogenic material other than creatinine 
which gives a color with the alkaline 
picrate reagent. Using their specific enzy- 
matic method for creatinine, Miller and 
Dubos® showed that in human patients 
with reduced renal function the chromo- 
genic non-creatinine material in the blood 
may increase markedly. 

A few determinations for blood uric acid 
have been made on dogs suffering from kid- 
ney damage, but there was no significant 
increase in this substance above the traces 
normally found. In a few cases where 
Determination by 
the creatinine 
normal and 
cexxi (1937), 


Dubos, R.: 
method of 

urine from 
Biol. Chem., 


5Miller, B. 
a specific, enzymatic 
content of blood and 
nephritic individuals. J. 


p. 457. 
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uric acid concentrations were found above 
normal in both the blood and urine, the 
animals had normal kidneys but were prob. 
ably suffering from liver damage. Thes 
animals exhibited demonstrable edema. 
Although albuminuria is associated oftey 
with kidney damage in the dog, it is 
seldom severe and edema due to renal im- 
pairment is rare. This clinical experience 
agrees with that of Eichelberger,® who 
studied “the distribution of body water in 
skeletal muscle in dogs with impaired renal 
function.” This author found that dogs 
with acute uremia or with nonuremic hy- 
dronephrosis did not exhibit demonstrable 
edema. Only one of the animals with 
progressive uremic hydronephrosis showed 
visible subcutaneous edema. She states, 
“Edema is not a common concomitant ei- 
ther of acute uremia or of chronic sub- 
uremic states associated with severe im- 
pairment of renal function. The gross 
findings in the dogs are, therefore, in agree- 
ment with clinical experience.” The data 
in table II* are selected to illustrate the 
effect of chronic nephritis (dogs 4001 and 
1818) and of acute nephritis (dog 4002) 
on the blood proteins.” None of these ani- 
mals exhibited visible edema. The varia- 
tion of the total protein of all the dogs 
is within the normal range of 5.64 to 
7.10 Gm. per 100 cc. of serum (Allison, 
Dreskin and Morris?). The albumin/globu- 
lin ratios of dogs 4001 and 1818 are still 
within the normal range of variation, but 


data were taken from a thesis 
presented by Mr. Dreskin in partial fulfilment of 
the requirements for the degree of Master of Sci- 
ence at Rutgers University. 

‘Kichelberger, L.: XTTT. The 
body water in skeletal muscle in 
paired renal function J. Biol. 
(1939), p. 137. 


*Some of these 
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dogs with im- 
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TABLE ll—Effects of Kidney Damage in the Dog on the Serum Proteins 


| 


ALBUMIN 
Grams/100 cc. 


Torat PROTEIN 
GRrRAMS/100 cc. 
4.0 
3.84 
3.66 
3.70 


*Averages from 20 normal dogs. 


GraAms/100 cc. 


ALBUMINS 


Urea CLEARANCI 
NORMA 


GLOBULINS 


GLOBULINS 


350 
15.48 36.62 | 0.42 
1094 55 0.51 | on 
636 50 96 | 0.52 "s 
512 51 66 | 0.77 
119 60 139 0.43 
3365 70 180 0.39 
82] 101 117 0.86 
64 | 107 | 164 0.65 3 
IS18 130 150 0.86 
119 300 450 0.66 
| 
2.2 1.82 100 
1001 | 2.31 1.66 67 
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As the blood urea nitrogen of dogs in- 
creases because of renal impairment, the 
ability of the kidney to concentrate the 
urine decreases. The determination of the 
specific gravity of urine correlated with 
the blood urea nitrogen is, therefore, of 
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clinical significance in detecting kidney 
damage in the dog. In such cases the urea 
nitrogen/non-protein nitrogen ratio in the 
blood often increases. 

Blood creatinine determinations by the 
alkaline picrate method are not reliable in- 
dications of the extent of kidney damage. 

Edema in dogs suffering from renal im- 
pairment is rare because the concentrations 
of the proteins in the blood are not altered 
significantly. 
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Newer Aspects of the Lungworm (Crenosoma) in Foxes” 


M. HOBMAIER, D.V.M. 


San Francisco, Calif. 


IT IS KNOWN that a variety of snails and 
slugs may serve as intermediate hosts of 
the lungworm, Crenosoma vulpis. From ex- 
perience it was learned that foxes raised on 
wire above ground are losing the infection. 
After the clarification of the extra-mam- 
malian phase of the parasite, however, the 
reasons for its disappearance were under- 
stood: Host and intermediate host of 
Crenosoma were kept from contact and in 
doing so control was effected. We may 
safely assume that where this method did 
not succeed there was the contact still 
maintained by complications hitherto un- 
recognized. Several of these possible com- 
plications are discussed in this paper. 

My experience with Crenosoma is based 
upon studies of a Crenosoma of the skunk, 
which has been described as C. mephitidis. 
Possible relations of this parasite to the fox 
are considered. 

30th species of parasites resemble each 
other morphologically and biologically. The 
same slugs and snails seem to serve as in- 
termediate hosts in both cases. In studying 
the transmissibility of wildlife diseases to 
domestic animals, infective stages of the 
skunk parasite were fed to six young dogs. 
About one week later the pups developed 
labored breathing. Beginning on the 19th 
day, first-stage larvae were observed in the 
feces. Two of the pups died after three and 
eight weeks, respectively, and numerous 
adult specimens of C. mephitidis were 
found in the bronchi. The surviving young 
dogs remained short of breath for several 
months. Discharge of larvae continued un- 
abated for the entire time. Third-stage 
larvae were raised from them again and 
other pups were successfully infected with 
this material. These results indicate that 
pups are susceptible to infections by C. 
mephitidis. Two experiments conducted on 

*From the George Williams Hooper Foundation, 


University of California. 


two dogs, 2 and 3 years old, met with no 
success. 

These results made it advisable to test 
the fox as a possible host of the Crenosoma 
of the skunk. Edward L. Vail, in charge of 
the Los Angeles Wildlife Disease Research 
Station, United States Fish and Wildlife 
Service, placed four foxes at my disposal 
for that purpose. Their age was about 6 
months. They appeared to be in perfect 
health. No internal parasites could be 
found. After an observation period of a 
week, minced liver mixed with material 
containing third-stage larvae of C. mephi- 
tidis were fed to and readily taken by the 
animals. About ten days later the foxes 
began to refuse food. First-stage larvae of 
C. mephitidis were observed the 19th day 
in all foxes, but none prior to that time. All 
four foxes died during the fourth week of 
the experiment. Numerous fully developed 
adult specimens of C. mephitidis could be 
collected from the bronchi. A bronchopneu- 
monia similar in extent was seen in the 
four animals. No anatomic lesions 
were observed elsewhere. The _ intestinal 
tract contained no food. First-stage larvae 
collected from the foxes were used to de- 
velop infective stages and they, in turn, 
given to pups induced lungworm infections. 
For these reasons the fox is considered to 
be a host of C. mephitidis. 


gross 


It is difficult to understand the reas 
that the four foxes died during the fin: 
growth of the parasites. Bacteriologic 
vestigations conducted by Mr. Jaretz 
vealed the presence of a coli bacillus and of 
Bacillus bronchisepticus. The latter 
crobe possibly may have been a contri 
tory factor. Presence of viruses (dist 
per) has not been excluded. It is, howe: er 
reasonable to assume that the paras | 
themselves were responsible for the dea hs 
Similar losses have been experienced by 
writer during the fourth week after in ec 
tion in experiments on Dictyocaulus fil: ria 
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Metastrongylus. The common reason 
ht be that a considerable number of 
isites were maturing simultaneously in 
, experiments. The tremendous growth 
the uteri in the fourth week possibly 
is to a fast-developing, irreparable oc- 
sion of major bronchi and to death. Un- 
natural conditions the parasites ordi- 
rily are acquired in daily small fractional 
ses over a certain period of time. They 
not mature simultaneously. The obstruc- 
nm of the air passages consequently de- 
lops slowly, leaving the body time for 
adjustment. 
Well-adapted parasites are considered as 
ing little or no damage to the host. From 
this viewpoint C. mephitidis appears to be 
adapted to the skunk. No appreciable im- 
pairment of health was noticed in severely 
infected animals. Dogs under similar con- 
ditions showed signs of respiratory disor- 
ders and death occurred occasionally. Foxes 
succumbing to heavy infestations would 
prove themselves as the least adapted of the 
three mammals. Reports on pathogenicity 
of C. vulpis in foxes are contradictory. 
Some regard it harmful, while others at- 
tribute no ill effects to its presence. The 
discrepancy of opinion would disappear if 
there is presently a confusion of C. vulpis 
and C. mephitidis and if the latter is more 
harmful to foxes than the former. 


REPTILES AS AUXILIARY Hosts 
The problem was further complicated by 
he following observations. Garter snakes 
living in the same localities as the lung- 
orm-infected skunks showed numerous 
nall parasitic nodules in and under the 
ucous membrane of the intestine. Each 
tubercle contained a third-stage larva of a 
rematode. Feeding portions of the intes- 
nes containing such cysts to young dogs 
sulted in the growth of adult stages of 
mephitidis in the bronchi of the animals. 
vo foxes treated similarly developed a 
rminous bronchopneumonia caused by C. 
phitidis, and both foxes died during the 
irth week following infection. Examina- 
ns of the stomach contents of about 30 
rter snakes revealed that their main food 
isisted of slugs known to be intermediate 
sts of Crenosoma. These food habits ex- 


plain the high incidence of third-stage 
larvae regionally found in these reptiles. 
Dogs and foxes, therefore, become infected 
by Crenosoma (mephitidis) either by in- 
gestion of the intermediate hosts (snails 
and slugs) or by feeding on auxiliary hosts 
(slug-eating reptiles). An effective control 
of Crenosoma requires removal of both 
sources of infections. New outbreaks, 
therefore, of lungworm disease caused by 
Crenosoma are not necessarily introduced 
by newly acquired infected animals. If such 
animals are kept in quarantine for 18 days 
following purchase and no first-stage larvae 
are seen in their droppings during this pe- 
riod, but only after this time, the infections 
were acquired after the purchase. Investi- 
gations of droppings in general are indis- 
pensable to recognize the existence of 
Crenosoma infections in a fox pen. Clinical 
symptoms may remain insignificant. The 
usual method to detect larvae is to spread a 
few drops of water over fresh droppings. 
Larvae collect in the water and they may 
be demonstrated microscopically. 

Under natural conditions the larvae leave 
the droppings wherever possible, provided 
there is enough humidity, and they bury 
themselves in the ground. Laboratory ex- 
periments showed that the larvae of C. 
mephitidis do not die immediately after 
drying, as it was observed in larvae of 
Metastrongylus, for example, but that they 
may survive at least in part a drying period 
of about six weeks. Where droppings of 
foxes are used as fertilizer, this faculty of 
the larvae has to be remembered to avoid 
propagation of the parasite. A similar re- 
sistance of larvae of C. vulpis may be an- 
ticipated. 


SUMMARY 

1) Crenosoma mephitidis naturally found 
in skunks could be raised in young dogs and 
in foxes (silver). 

2) All of four experimental foxes died 
during the fourth week after infection from 
causes not fully understood. 

3) First-stage larvae of C. mephitidis re- 
sist drying for several weeks. 


4) Auxiliary hosts for this parasite are 
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Pig Anemia and Hog-Cholera Immunity 


P. H. VARDIMAN, D.V.M., F. M. BOLIN, D.V.M., and A. S. SEVERSON, M.S, 
Fargo, N. Dak. 


DURING THE SPRING of 1940 losses were 
encountered from hog cholera in several 
litters of pigs nursing immune sows. Si- 
multaneously they were suffering from pig 
anemia. Administration of hog-cholera 
antiserum stopped the losses and several 
pigs recovered. 

As a result of this observation the fol- 
lowing project was planned to determine 
whether or not the development of pig 
anemia destroys the passive immunity 
against hog cholera obtained from the 
mother. 


PROCEDURE 


Four sows and litters were supplied by the 
Animal Husbandry Department of the North 
Dakota Agricultural College. These sows were 
each fed 4% to 5 Ib. daily of the following 
ration during the pregnancy period: 

Barley Ib. 

lb. 
Tankage Ib. 
Linseed meal 50 Ib. 
Steamed bonemeal 2 Ib. 
Ground limestone 2 Ib. 

In addition they received 314 5 lb. of 
shelled yellow corn per head daily and free 
access to alfalfa hay. 

Two purebred Duroc Jersey and two purebred 
Chester White litters were farrowed within a 
ten-day period. Of the 41 pigs farrowed, 35 
were alive at the time virus was injected. 

Each litter was divided into two groups. All 
pigs were earmarked and their numbers rec- 
orded, and they were allowed to run with their 
respective mothers on cleaned concrete floors 

*From the North Dakota Agricultural Experi- 
ment Station. The graphic material of this article 
was prepared by WPA project 3888. 


(Continued from preceding page) 
slug-feeding snakes (garter snakes). 

5) The latter two properties may be 
generic and, therefore, equally apply to C. 
vulpis. 

6) The morphologic and biologic similar- 
ity of both parasites may facilitate confu- 
sion of them, 


which had been scrubbed with cresolis solution. 
The sows were fed in the adjoining alleyway 
and allowed to defecate outside. The pens 
were carefully cleaned each day and special 
care was taken that the pigs received no feed 
except their mother’s milk. Half of each litter 
was treated to prevent pig anemia with a 4-cc. 
dose of an iron-copper solution by the mouth to 
each animal (ferrous sulfate 58 mg. and copper 
sulfate 10 mg. per head daily). Hemoglobin 
determinations were made once each week by 
the Evelyn photoelectric colorimetric method. 


RESULTS 


The temperature charts shown in figures 
1, 2, 3 and 4 were started on the day the 
third hemoglobin determination was made. 
At this stage of the experiment the aver- 
age hemoglobin content of the 18 anemic 
pigs was 5.26 Gm. of hemoglobin per 100 
cc. of blood, with a range of 2.88 to 8.67 
Gm. The 17 pigs treated to prevent anemia 
had an average hemoglobin content of 10.08 
Gm. per 100 cc. of blood, with a range of 
7.32 to 13.53 Gm. Litter 2 was born 
anemic and was given iron-copper solution 
to prevent death. This caused a wider 
range in the hemoglobin content. 

The 35 pigs had a temperature range 
of 102.8 to 103.5 F. for the first three days, 
which was considered normal. At the time 
the third temperature was taken, 2 cc. of 
reliable hog-cholera virus was injected in- 
tramuscularly into each pig. The tempera- 
tures of most of the anemic pigs were 
somewhat lower than those of the non- 
anemic pigs during an attack of hog 
cholera. 

Five of the anemic and four of the 
treated pigs died. Two anemic animals 
were destroyed at the end of the experi- 
ment because of unthriftiness due to 
chronic hog cholera. On autopsy the most 
frequent lesions found were hemorrhagi 
gastritis, congestion and hemorrhage of th: 
lvmph glands, inflamed intestines an‘ 
ecchymotic hemorrhages of the spleen. Cor- 
relating these findings with the temper:- 
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Figure 3 TEMPERATURE CHART AND HEMOGLOBIN DETERMINATIONS 
OF THE 12 ANEMIC PIGS WHICH SURVIVED INJECTIONS 
OF HOG CHOLERA VIRUS 


ture chart for each individual pig, fatal 
hog cholera was diagnosed in the nine pigs 


mentioned above. 


SUMMARY AND CONCLUSIONS 


Of 35 pigs nursing hog-cholera-immune 
sows injected with 2 cc. each of hog-cholera 
virus, nine died. Five were in the groups 
vhich had not received iron or copper treat- 
ment and which were definitely anemic. 
Four were from the groups which had re- 
eived iron and copper and which had a 


iormal hemoglobin content. 
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Figure 4 TEMPERATURE CHART AND HEMOGLOBIN DETERMINATIONS 
OF THE 12 NON-ANEMIC PIGS WHICH SURVIVED HOG CHOLERA 
VIRUS INJECTIONS 


Results of this experiment indicate that 
pig anemia does not destroy the passive 
immunity which pigs receive from their 
immune mothers. 

Since anemia is a debilitating condition, 
results of this experiment suggest to the 
authors that additional work should be done 
to prove the validity of the often-repeated 
statement, “If a pig’s resistance is lowered 
by exposure to the elements, parasitism, 
malnutrition, etc., it becomes more suscep- 
tible to hog cholera.” 
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Abscesses Affecting the Central Nervous System of Sheep 


F. E. HULL, D.V.M., and E. L. TAYLOR, D.V.M. 
Lexington, Ky. 


ABSCESSES affecting the brain or the cord, 
or both, of horses, cattle and swine are 
frequently mentioned in veterinary litera- 
ture, but there are few reports of this con- 
dition in sheep. One of the few such 
mentioned is by Udall,! who in discussing 
navel ill in lambs states, “Posterior paraly- 
sis may be caused by pressure of a pyemic 
abscess on the cord.” 

In the past few years the senior author 
has observed several cases of paralysis in 
sheep which upon autopsy revealed ab- 
scesses in the central nervous system. Six 
cases in sheep and lambs were autopsied 
during February, March and April of 1941. 


ETIOLOGY 


Abscesses affecting the central nervous 
system are usually metastatic and secondary 
to strangles or some other infection (in 
horses), or from foci of infection, such as 
navel ill, traumatic gastritis, abscess of the 
liver, or post-dehorning infection (in cat- 
tle). Abscesses causing compression of the 
cord in swine have been attributed to 
brucellosis and tuberculosis.2 In lambs, as 
in calves and colts, it generally has been 
considered that these abscesses are the re- 
sult of navel infection. The origin of 
abscesses of the brain and cord of older 
sheep is more obscure. In two cases ob- 
served this year (a 4-year-old ram and a 
2-year-old ewe) there was nothing in the 
history or postmortem findings to indicate 
metastatic origin or extension from other 
points of infection. In the case of one 
aged ram, however, an abscess of the in- 
ternal ear had extended into the cerebellum. 

The content of the abscesses in these 
cases was usually a thick, greenish-yellow 
pus. Cultures when made either revealed 


*From the Department of Animal Pathology, 
Kentucky Agricultural Experiment Station. 

iUdall, D. H.: The Practice of Veterinary Medi- 
cine (2nd ed.), p. 190. 

*‘Hutyra, Marek and Manninger: Pathology and 
Therapeutics of the Diseases of Domestic Animals, 
iii, p. 383. 


Corynebacterium pyogenes or 
tive. 


were nega- 


SYMPTOMS 


The outstanding symptom when the cord 
alone is affected is posterior paralysis, 
which may come on suddenly or gradually. 
Otherwise, if seen fairly soon after the 
paralysis develops, the animal usually 
appears normal. The eyes are bright and 
the appetite is normal. At least in the 
early stages, elimination is apparently un- 
impaired. There is a considerable loss of 
flesh unless the animal is given easy access 
to food and water. It is not unusual for 
an affected lamb to move rapidly on its 
front legs, dragging the hind ones. A ewe 
that had exhibited posterior paralysis for 
nine days before being presented to the 
laboratory was alert and ate well, and her 
eliminations remained normal until she was 
destroyed a week later. 

When the brain is affected, either alone 
or with the cord, we have observed complete 
paralysis and stupor, followed by loss of 
consciousness and death. The rate of res- 
pirations is increased. One lamb attacked 
by sudden and complete paralysis with lat- 
eral bending of the neck showed on autopsy 
a large abscess at the atlanto-occipital leve! 
and extending along the cord to the brain 
stem. Another lamb that exhibited latera! 
bending of the neck, but without paralysis 
showed no gross brain lesions on autops) 
but sections of the brain revealed an i! 
filtration of the meninges and cerebrum b 
polymorphonuclear leucocytes. 


PATHOLOGY 


Abscesses observed along the spinal co 
umn seemed to affect primarily the vertebr 
bodies or the joints or both with a resulta 
softening of the affected bones. In o1 
case an abscess which seemed to affect on 
the body of the third lumbar vertebra w: 
found upon closer examination to tunn | 


(356) 


2 

Ap 

= 

‘Ea 

¥ 


1941 ABSCESSES 
the body of the fourth lumbar vertebra. 
sure of these abscesses on the cord for 
great length of time causes the cord 
ecome smaller and softer. In advanced 
3; there is marked degeneration of the 
e fibers and cells, many of which dis- 

ear. It is probable that should the 
mal survive for several weeks, the af- 
ed portion would be replaced by con- 
tive tissue. 
[he brain abscesses we have observed 
have been either in the lateral ventricles or 
‘ebellum. The brain tissue around the 
scesses seemed to be softer than normal. 


\SES OBSERVED 


Sick 
indi- 
eat. 

in 


(2-15-34).—-Lamb, 10 days old. 
severe nervous symptoms 
Unable to stand or 


brain tissue. Pus cells 


Case 
hours with 
iting meningitis. 
ongestion of all 
rebral fluid. 


2 (3-4-38).—Ram, had 
veral days. Incooérdination, 
pelvic limbs. Heart, hemorrhagic. 
mgested. Puss in urinary bladder. 
cerebellum. 


Case 3 (9-19-38).—Show ram, in excellent 
condition. Had been treated by veterinarian 
for abscess of internal ear for past six weeks. 
Died suddenly. Autopsy revealed abscess had 
extended from inner ear into brain. 


been sick for 
especially of 
Lungs, 
Abscess 


(‘ase 


Case 4 (4-22-39).—-Lamb, complete paralysis. 
Autopsy revealed abscess in lateral ventricle 
of brain. 


Case 5 (3-9-40).—Lamb, 2 weeks old, history 
of sudden paralysis followed by death. Ab- 
scess in brain. Cultures revealed (. pyogenes. 


Case 6 (2-1-41)—Lamb, 4 weeks old, had 
en paralyzed in hind quarters for one week. 
therwise normal; in good flesh; appetite 
rmal. Upon postmortem examination a 
all abscess was found extending into the 
vertebral canal at the second thoracic vertebra. 


ase 7 (3-17-41).—Lamb, 6 weeks old. Pos- 
ior paralysis; walked on forelegs; dragged 
r parts. Had shown these symptoms for 


\ 


OF SHEEP 


two weeks. Appeared bright and had good 
appetite. Autopsy revealed an abscess at lumbo- 
thoracic vertebral junction affecting bodies of 
vertebrae and extending into canal. A swelling 
could be observed externally at this point. 


(3-17-41).—Lamb, 4 weeks old. 
den and complete paralysis accompanied by 
excitement and lateral bending of the neck. 
A large abscess was found at the atlanto- 
occipital junction, involving the joint, canal 
and cord. 


Sud- 


Case 8 


Case 9 (3-27-41).—Ram, 4 years old. Com- 
plete prostration which came on suddenly. A 


Abscess in third lumbar vertebra 


(case II). 


Fig. 1. 


thick, foul-smelling exudate dropped from the 
nostrils in long strings. MRespirations fast 
and labored. An abscess, about the size of a 
hickory nut, containing thick, greenish-yellow 
pus was found in the lateral ventricle of the 
brain. Culture was negative. 


Case 10 (4-2-41).—Lamb, 4 weeks old. Symp- 
toms of meningitis with lateral bending of the 
neck. No gross lesions were found. Section 
of brain stem revealed polymorphonuclear in- 
filtration of the meninges. 


Case 11 (4-8-41)—Ewe, 2 years old, had been 
down with posterior paralysis for nine days. 
Eliminations and appetite normal. Appeared 
bright; moved around on forelegs, dragging 
the hind ones. Gave birth to a lamb weighing 
40 lb. Plenty of milk in udder. Blood calcium 
and phosphorus normal. Destroyed 4-14-41. 
A large abscess of greenish-yellow pus was 
found in the body of the third lumbar vertebra. 
This extended into the canal, narrowed the 
channel and pressed upon the cord. (See fig- 
ure 1.) 
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Further Observations on the Life Cycle and Incidence of the Sheep 
Bot, Oestrus Ovis, in New Mexico and Texas 


N. G. COBBETT, D.V.M., and W. C. MITCHELL, D.V.S. 
Las Vegas, N. Mex., and San Angelo, Texas 


THE AUTHORS of this paper reported some 
apparently new observations relative to the 
life cycle of Oestrus ovis in 1933.1 The 
observations were made in the course of 
initial investigations relative to the control 
of this parasite, conducted in New Mexico 
and Texas during 1932. A review of the 
literature on O. ovis that was available to 
us at the time showed that the larvae of 
the parasite required nine to eleven months 
to grow to maturity. The time required for 
the completion of the full life cycle was 
given generally as ten to twelve months. 
Our observations indicated that the larvae 
reached maturity and the entire life cycle 
of O. ovis was completed in much shorter 
periods. Mature larvae were found in the 


head cavities of spring lambs that were only 
2'% to 34% months old, and such larvae were 
expelled by lambs of the latter age. Mature 


larvae, kept in soil at room temperature, 
pupated in 12 to 72 hours. Botflies emerged 
from such pupae held under these condi- 
tions in 17 to 37 days. Thus it appeared 
probable that the entire life cycle of O. ovis 
could be completed in 31% to 4% months. 
These findings made it obvious that further 
knowledge relative to the life cycle of this 
parasite was essential to the development of 
methods for its control. 

The work reported here was done in 
order to facilitate our work on control 
measures for O. ovis, and additional obser- 
vations were made, therefore, relative to 
the various stages in the life cycle of the 
parasite. These observations were inci- 
dental to our investigations on control meas- 
ures for the parasite in the vicinities of Las 
Vegas, N. Mex., and San Angelo, Texas. 

In the course of our investigations, year 
around postmortem examinations were 


*From the Zodélogical Division, 
mal Industry, U. S. Department of Agriculture. 

‘Mitchell, W. C., and Cobbett, N. G.: Notes on 
the life cycle of Oestrus ovis. J. A. V. M. A., 
Ixxxii (May 1933), pp. 780-781. 


Bureau of Ani- 


made of the head cavities of numervus New 
Mexico and Texas sheep. The necropsies 
were made on animals of all ages from 
newly born lambs to aged sheep. Dead and 
sick sheep of various ages were autopsied 
on ranches where losses were occurring. 
Numerous necropsies of hea:thy animals of 
different ages were made on ranches and 
at abattoirs in the locaitities when sheep 
were being slaughtered for food. The num- 
ber of O. ovis larvae, their stage of devel- 
opment and their location in the heads of 
necropsied sheep were recorded. Such find- 
ings were recorded in autopsies of 312 
sheep in New Mexico and 315 sheep in 
‘Lexas. 


INCIDENCE AND ABUNDANCE 

In the Texas area, where the winters are 
moderate, larvae in all stages of develop- 
ment were found in the head cavities of 
sheep during all seasons of the year. In 
the vicinity of Las Vegas, where the win- 
ters are cold, such findings were common 
only during the spring and summer months. 
The infestation in the heads of New Mex- 
170 sheep during the fall and winter con- 
sisted chiefly of minute first-stage larvae 
which were located principally in the nasal 
passages. 

The postmortem findings in Texas and 
New Mexico sheep showed that the first 
instar larvae normally inhabited only the 
nasal passages. The presence of these 
minute larvae in the other head cavities 
was usually associated with cases of abnor- 
mally heavy infestation or was observed 
when necropsies were made several hours 
after death of the host. It was observed 
that before changing to the second instar, 
the minute first-stage larvae moved to the 
posterior nasal structures, the ethmoid tur- 
binates. Here they changed to the second 
instar and migrated, via the naso-frontal 
foramina, to the frontal sinuses for furt)ier 
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development. Second instar larvae were 
found chiefly on the mucosa of the posterior 
nasal structures and in the frontal sinuses. 
Third instar larvae of various sizes were 
found usually in the frontal sinuses. Full- 
grown grubs, apparently on their way out 
of the host animal, were found occasionally 
in the nasal passages. 

Approximately 96 per cent of the sheep 
necropsied in New Mexico and Texas were 
infested with larvae of O. ovis. The num- 
ber of larvae in infested sheep varied from 
1 to 75 per animal. The average year 
around infestation in the New Mexico sheep 
was approximately 20 larvae per animal and 
that in the Texas sheep was about eight 
larvae per animal. 


SEASONAL DISTRIBUTION 


The heaviest larval infestations were 
found in the heads of sheep during or im- 
mediately following seasons of botfly activ- 
ity, when recently deposited larvae were 
present in the nasal passages. The lightest 
infestations occurred just prior to such sea- 
This was especially evident in the 
New Mexico area where the botfly season 
was limited to the warm days of summer 
and early fall. 


During the season when the larger lar- 
vae, second and third instar grubs, were 
present in the frontal sinuses of sheep, the 
number of such larvae found in these cav- 
ities varied from 1 to 25; the average num- 
ber was approximately five grubs per ani- 
mal. It was observed that the heavier in- 
festations were found generally in heads 
of horned sheep in which the frontal sinuses 
are usually larger and more spacious than 
in the hornless breeds. 


sons. 


vidence was found in Texas to show 
that sheep botflies were active in that area 
thioughout most of the year. Botflies were 
observed to be active in Texas and newly 
deposited O. ovis larvae were found in the 
nasal passages of Texas sheep during all 
months of the year except January and 
Fe ruary. Such evidence of botfly activity 
was found in New Mexico only during the 
months of June, July, August and Sep- 
tember. 


LARVAL DEVELOPMENT UNDER 
CONTROLLED CONDITIONS 


Observations were made on the develop- 
ment of O. ovis larvae under controlled con- 
ditions in New Mexico and Texas. The 
sheep involved in such observations were 
confined in fly-proof, screened inclosures. 
Thus, animals that had been naturally in- 
fested prior to confinement were kept free 
of additional extraneous infestation, and 
previously uninfested spring lambs _re- 
mained free of such infestation. 

Preliminary observations on the develop- 
ment of the larvae under controlled condi- 
tions were made at Las Vegas during the 
spring and summer of 1933. The sheep on 
which the observations were made included 
six range ewes and a lamb. The ewes had 
been confined in separate pens within a 
screened inclosure on April 8, which was 
well in advance of the botfly season in the 
area. The lamb was born to one of the 
ewes in the inclosure during May. In all 
probability, the ewes had been exposed to 
infestation during the botfly season of the 
previous summer. However, in the course 
of investigations with these sheep, the lamb 
and the ewes were artificially infected with 
O. ovis larvae on June 24. The larvae used 
in infecting the animals were obtained from 
gravid female botflies that were captured 
among flocks of range sheep. The larvae 
were squeezed from the abdomens of the 
flies into a small amount of tepid water. 
An estimated 15 to 25 larvae were drawn 
into a medicine dropper and were deposited 
into each nostril of each sheep. The larvae 
thus deposited were observed to travel rap- 
idly into the nasal passages. The lamb 
which was born in the inclosure was con- 
fined in a separate pen within the inclosure. 
It was put with its mother to suckle only 
at regular feeding periods. 

All mature larvae that were expelled by 
the sheep were collected daily from the floor 
of the inclosure and the numbers recorded. 
The lamb expelled six mature larvae during 
the period from July 27 to September 7. 
Thus a wide variation of time, 32 to 74 
days, was required for larvae to reach ma- 
turity in and leave the head cavities of the 
lamb. The development of the larvae in the 
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TABLE |—Data Relative to the Development of O. Ovis Larvae in the Heads of Sheep (Las Vegas, N. Mex. 
1933)* 


NECROPSY 


LocaTION AND STAGE OF LARVAE Founpb IN THE Heap Cavities 


NASAL PASSAGES FRONTAL SINUSES Teen 
No. No. 
FIRST SECOND THIRD First SECOND THIRD LARVA! 
INSTAR INSTAR INSTAR INSTAR INSTAR INSTAR 
July 19 8 0 0 5 21 
2 July 24 15 8) 2 0 2 0 28 
3 Aug. 24 7 fs) 0 0 5 l 18 
} Aug. 24 24 0 0 0 6 | 31 
5 Sept. 14 1] 0 0 0 0 0 11 
6 Sept. 14 3 l 0 0 l 0 5 
7 Sept. 14 7 0 0 0 l l +) 
75 19 6 0 15 Ss 123 
*An estimated 15 to 25 larvae were artificially deposited in each nostril of each sheep on June 24 
Animals 1 to 6, inclusive, were aged ewes that were confined continuously in a screened inclos 
ure after April 8, 1933. The ewes were exposed to natural infestation under range conditions dur- 
ing the botfly season of the previous year. A total of 56 mature grubs were expelled by the ewes 
prior to June 24, the date of artificial infection. The ewes that remained in the inclosure after that 


date expelled a total of 58 mature larvae. 


Animal 7 was a lamb born in the screened inclosure on May 24 and it remained therein unti 
necropsied. The only larval infestation in the lamb was that deposited in its nostrils on June 24 
The lamb expelled six mature grubs: the first one on July 27 and the other five between that dat 


and September 7 


head cavities of the sheep was observed and 
recorded when the animals were slaughtered 
and necropsied. Two of the ewes were 
necropsied in July, two in August, and the 
remaining two ewes and the lamb were 
necropsied on September 14. A total of 
114 mature grubs was expelled by those 
ewes that were in the inclosure during the 
period from April 8 to September 14. Fifty- 
six of these grubs were expelled prior to 
the date of artificial infection. Thus it 
was evident that these larvae, at least, had 
been in the heads of the ewes since the 
botfly season of the previous summer. The 
data relative to the number, stage of de- 
velopment and location of the larvae in the 
heads of the sheep at the time of necropsy 
are recorded in table I. 

The data relative to the expulsion of ma- 
ture larvae by the sheep and those recorded 
in table I demonstrated, especially in the 
‘ase of the lamb, that all of the larvae that 
were deposited in the nostrils at one time 
did not develop simultaneously. Mature 


grubs were expelled by all of the sheep, 
yet first instar larvae were present in their 
nasal passages at the time of necropsy, 


Further evidence substantiating the find- 
ings made in New Mexico in 1933 was ob- 
served in New Mexico and Texas during 
1934-1935. The observations in New Mex- 
ico were made on 23 spring lambs. The 
lambs had been confined in the screened in- 
closure at Las Vegas prior to the season 
of botfly activity in the area. On June 15 
the lambs were artificially infected with an 
estimated 50 larvae per animal. The first 
mature grub expelled by the lambs was 
collected on July 10, 25 days after the date 
of infestation. All the mature grubs th 
were expelled by the lambs were collected 
daily from the floor of the inclosure. Dur- 
ing the period from July 10 to Septem! 
22, the lambs expelled 131 mature larvze. 
Most of these were expelled during Ji 
and August. No mature larvae were ex- 
pelled during the six-month period from 
September 22, 1934, to March 14, 19°). 
seginning in August 1934, a few 
were taken from the inclosure and ki! od 
each month. Their heads were opened « id 
examined at the time of slaughter to asc r- 
tain the seasonal development of the a’ ti- 
ficially deposited larvae. On March 4, 


|| 
_ 
: 
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35, those lambs that remained in the in- 
sure resumed the expulsion of mature 
‘vae. Seven such larvae were expelled 
the remaining lambs. Two mature grubs 
re collected on March 14, four were col- 
ted during April, and the last mature 
‘vae, expelled by the lambs, were col- 
ted on May 8. Only one grub, an im- 
ature third-stage larva, was found in the 
ad cavities of four lambs necropsied 
‘ter May 8. No larvae were found in the 
ead cavities of the last two lambs that were 
illed and examined on June 15, 1935, 


twelve months after the date of artificial in- 
fection. 
tage of development, and location of the 
larvae in the heads of the 23 lambs at the 


The data relative to the number, 


361 
time of necropsy are shown in table II. 
The data relative to the expulsion of ma- 
ture larvae by the lambs and those recorded 
in table II show six interesting facts con- 
cerning the year around development of 
O. ovis larvae in the New Mexico spring 
lambs. (1) Larvae developed to maturity 
and began leaving the hosts in 25 days after 
infection; (2) larvae continued to grow 
to maturity and were expelled by the hosts 
throughout the warm days of summer; (3) 
the expulsion of mature grubs by the lambs 
decreased in late summer and ceased alto- 
gether during the fall and winter and was 
not resumed until early spring; (4) some 
larvae remained undeveloped as minute 
first-stage larvae in the nasal passages of 


ABLE II—Data Relative to the Seasonal Development of O. Ovis Larvae Artificially Deposited in the Heads 
of Spring Lambs (Las Vegas, N. Mex., 1934-1935)* 


NASAL PASSAGES 


NECROPSY 


LOCATION AND STAGE OF LARVAE FOUND IN THE HEAD CaviTIESs 


FRONTAL SINUSES 


\NIMAL DATE TOTAL 
No. First SECOND THIRD First SECOND THIRD No. Or 
INSTAR INSTAR INSTAR INSTAR INSTAR INSTAR LARVAE 
l 8— 1-34 | 1 2 2 0 0 2 7 
2 8- 1-34 | 10 5 0 0 2 0 | 17 
3 9-18-34 4 on 7 0 0 0 0 | 2 
1 9-18-34 | 0 0 0 0 0 ldead | 1 dead 
5 9-18-34 | 7 0 0 0 0 1 8 
| 10-16-34 0 0 | 0) 0 
7 | 10-16-34 0 0 0 0 | 0 | 
8 11-13-34 9 0 0 0 0 0 9 
9 11-13-34 | 0 0 | 0 0 0 | 0 0 
10 | 12-13-34 | 2 J 0 0 I eee 3 
| 12-13-34 | 6 | 0 0 6 
12 | 1-15-35 | 0 4 o | 0 2 
13 1-15-35 | cc .] 0 o | 0 2 0 11 
14 2-15-35 | 6 0 0 0 0 0 6 
15 2-15-35 | 2 0 0 0 0 0 2 
16 3-15-35 | 0 0 0 | 0 ae 2 
17 | 3-15-35 0 0 0 0 I 0 I 
18 4-15-35 0 0 0 
19 4-15-35 0 0 0 0 0 0 0 
20 5-15-35 0 | 0 0 0 | 0 | l 
21 5-15-35 0 0 0 i) 0 | 0 i) 
22 6-15-35 0 0 0 0 0 | 0 0 
23 6-15-35 0 0 4 oO | 0 | 0 0 
55 7 2 0 | 10 6 80 


*An estimated 25 larvae were deposited in each nostril of each lamb on June 15, 
The lambs were continuously confined in a screened inclosure after April 14, 
The only larval infestation was that deposited in their 


‘posed to infestation prior to confinement. 
strils on June 15, 1934. Between July 
elled a total of 131 mature grubs. 


the inclosure during the period from September 22, 
resumed 


ained in the inclosure after March 14, 1935, 


10 and September 
No mature grubs wer 


1934. 

1934, and were not 
22, 1934, the lambs in the inclosure ex- 
e expelled by the lambs that remained 
1934, to March 14, 1935. The lambs that re- 
the expulsion of mature grubs after that 


ite and a total of seven such larvae were expelled between then and May 8. 


| 
| 
| 
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TABLE IIl—Data Relative to the Development of O. Ovis Larvae Naturally Deposited in the Heads of West 
Texas Sheep (San Angelo, Texas, 1934-1935)* 


NECROPSY 


LOCATION AND STAGE OF LARVAE FouND IN THE Heap Cavities 


NASAL PASSAGES 


ANIMAL | | 
No, First 
INSTAR | 


| 
SECOND | 


INSTAR 
0 
0 


wow 


mt 
=~ 
wo 


Sr Sr Sr St St St St Sr St St Se St St St Ga Gr | 
| 


THIRD 
INSTAR 


| FRONTAL SINUSES 


ToTaL 
No. oF 
THIRD LARVAE 


INSTAR 


SECOND 
INSTAR 


FIRST 
INSTAR 


| 


*The sheep involved were range ewes that were exposed to natural infestation under range con- 


1934, the date they 
inclosure until 


ditions prior to October 17, 
The ewes remained in the 


fined ewes throughout the period from October 17, 
larvae were expelled by the ewes that remained in the inclosure. 


mature 


the hosts for as long as nine months; (5) 
the one deposit of larvae in the nostrils of 
the hosts on June 15, 1934, resulted in 
larval infestation of the hosts’ head cavities 
for a period of eleven months, or until 
May 15, 1935; (6) only a small percentage 
of the total number of larvae that were 
artificially deposited in the nostrils of the 
lambs survived to infest their head cav- 
ities. Of an estimated total of 1,150 larvae 
deposited in the lamb’s nostrils, only 218 
were accounted for. The lambs expelled a 
total of 138 mature grubs and 80 larvae 
were recovered during the postmortem ex- 
aminations. 

The observations in Texas were made on 
20 mature range ewes that were confined 
in a screened inclosure at San Angelo on 
October 17, 1934. The ewes had been ex- 
posed to natural O. ovis infestation under 
range conditions prior to the date of con- 


were 
necropsied., 
1934, to 


inclosure., 
were expelled by the con- 
After the latter date, no 


confined in 
Mature 
June 26, 


a screen 
larvae 


1935. 


finement. The mature larvae that were 
expelled by the ewes were collected each 
day from the floor of the inclosure and their 
numbers recorded. The ewes continued to 
expel mature grubs throughout the period 
from October 17, 1934, to June 26, 1935. 
Most of the mature larvae were expelled 
during the fall and winter months. The 
number expelled during the spring months 
decreased materially and none was expelled 
after June 26, 1935. Beginning in Jan- 
uary, 1935, a few of the ewes were killed 
every month. Their heads were opened anc 
examined at the time of slaughter to ascer 
tain the seasonal development of the larva: 
in the head cavities. The data relative t 
the number, stage of development, and loca 
tion of the larvae at the time of slaughte 
are recorded in table III. The data regard 
ing the expulsion of mature larvae by th 
ewes and those recorded in table IIT sho\ 


|| 
| 
1-19-38) 0 0 3 5 11 
2 2-13-3 4 0 0 0 8 
3 0 0 0 0 2 
4 3-11- l 0 0 0 0 I 2 : 

5 1-18 0 | 0 0 0 l 7 Ss = 
6 2 0 0 0 2 5 
‘§ 5 0 0 0 | 0 0 6 6 i 
8 5- 0 0 0 0 0 0 0 a 
9 5- | 0 0 0 0 0 0 0 1 
10 5 e | 0 0 0 0 | 0 0 : 

11 5 0 0 0 0 0 0 0 
12 6 1 0 0 0 2 0 3 
13 6 | 0 0 0 0 0 0 0 
14 7-2 0 0 | 0 0 0 0 0 . 
15 7-15 0 0 0 0 0 0 i) \ 

16 7-24 0 0 0 0 0 1) 0 
17 8- 4 0 0 0 0 0 0 0 ; 
18 8-15 0 0 0 0 0 0 0 s 
19 0 0 0 0 0 0 
20 8-16 0 0 0 0 0 0 0 ‘ 
| 12 0 0 | 0 12 21 45 | 
; 
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two interesting facts concerning the devel- 
opment of O. ovis larvae in west Texas 
sheep, namely: (1) The larvae continued 
to develop to maturity and left the hosts 
throughout the fall, winter, spring and 
early summer months; there was no period 
of cessation in larval development in the 
Texas sheep such as occurred during the 
fall and winter months in the New Mexico 
lambs. (2) The Texas sheep which were 
naturally infected prior to October 17, 
1934, and were protected thereafter from 
further infection, continued to be infested 
with O. ovis larvae for a period of approxi- 
mately eight months, or until June 26, 1935. 
Those ewes that were killed and examined 
after June 26, 1935, were free of further 
larval infestation. 

Additional observations regarding the 
rapid development of some O. ovis larvae 
and the non-development of other such lar- 
vae during the summer months were made 
in New Mexico in 1936, on a lot of ten early 
spring lambs. The lambs had been confined 
in the screened inclosure at Las Vegas prior 
to the season of botfly activity in the area. 
The lambs were artificially infected with 
an estimated 50 larvae per animal on June 
9. Every seven days after the date of in- 
fection two lambs from the lot were 
slaughtered. Their heads were opened and 
examined for larvae at the time of slaugh- 
ter. Those present in the head cavities of 
each pair of slaughtered lambs were col- 
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lected and preserved. Each collection of 
larvae was mailed to Mr. R. W. Wells, as- 
sociate entomoloyist, U. S. Bureau of Ento- 
mology and Plant Quarantine, stationed at 
Ames, lowa, who grouped the larvae in each 
collection according to stage of develop- 
ment and returned them properly labeled. 
The data relative to the development of the 
artificially deposited larvae that occurred 
in the heads of the lambs during a period 
of five weeks are recorded in table IV. The 
data recorded in table IV show that during 
the first week the larvae remained in the 
nasal passages of the lambs as first instar 
larvae; during the second week some first 
instar larvae changed to second-stage grubs 
and a few such grubs migrated to the 
frontal sinuses; during the third week the 
second-stage larvae in the frontal sinuses 
changed to third instar larvae and devel- 
oped rapidly, a few apparently reaching ma- 
turity; and that during the fourth and 
fifth weeks additional third-stage larvae, in 
various sizes of development, were present 
in the frontal sinuses. A fully mature grub 
was expelled by one of the remaining lambs 
at the end of the fifth week. While some of 
the artificially deposited larvae developed 
rapidly, others remained undeveloped as 
first instar larvae in the nasal passages of 
the hosts throughout the five-week period. 


PUPATION AND EMERGENCE 


In the course of the investigations at Las 


TABLE IV—Data Relative to the Early Development of Artificially Deposited O. Ovis Larvae in the Head 
Cavities of Spring Lambs (Las Vegas, N. Mex., 1936)* 


| LOCATION AND STAGE OF LARVAE FouND IN THE HEAD CAVITIES 


No. Lamps} Date or | AGEOF | 


NASAL PASSAGES 


Necropstep| Necropsy | LARVAE AT | 
| Necropsy | No. oF 
| First | Seconp | Tuirp | First | Seconp |) Tarrp | Larvar 
Instar | Instar | Instar | Instar | Instar | INstar 

| (Days) | 

2 | June 16 | 7 be ee 0 0 | 0 0 | 0 14 

2 | June 23 | 14 | 40 5 Oo | 0 | 5 0 50 

2 June 30 | 21 13 0 0 - 5 17 35 

2 | July 7 | 28 39 7 0 0 | 13 | 134 72 

2 | July 14¢ | 35 35 1 x 7 2 | aa 4t 44 

es 141 13 0 2 25 34 215 
*An estimated 25 larvae were deposited in each nostril of each lamb on June 9. 
+Includes third instar larvae in various sizes of growth from small, recently moulted grubs to 


rge larvae nearing maturity. 


tA mature grub was expelled by one of the two remaining lambs on July 14. 


TABLE V—Data Relative to the Time Required for 
Pupation of Mature O. Ovis Larvae 


AVERAGE 
TIME 
REQUIRED 
For 
PUPATION 


RANGE IN 
TIME 
REQUIRED | 
For 
PUPATION 
(Hours) 
28 to 128 
24 to 96 
24 to 72 
48 to 96 


Montu* | 
MATURE | No. 
Gruss) | CoLiec 

WERE | 

COLLECTED 


June 
August 


*No record kept for July. 


Vegas observations were made relative to 
the time required for the pupation of ma- 
ture O. ovis larvae and the time required 
for the emergence of the botflies. The ma- 
ture larvae, used in making these observa- 
tions, were collected from two sources: 
Some were selected from those that were 
taken from the floor of the screened in- 
closure in which sheep were confined, and 
others were obtained from the head cavities 
of sheep during postmortem examinations. 
The date and hour of collection of each 
mature grub were recorded. 

During the spring and summer months 
of 1933, records were kept on the time re- 
quired for the pupation of 76 mature lar- 
vae. The grubs collected for the purpose 
were put into individual boxes containing 
dry sand. The boxes were marked for iden- 
tification and were put out of doors into a 
wooden frame, covered with wire netting. 
The larvae were examined each day and the 
time required for the pupation of each grub 
was recorded. Of the 76 grubs thus ob- 
served, 22 were collected in April; 17 were 
collected in May; 17 during June, and 20 
during August. The data relative to the 
time required for the pupation of the larvae 
are recorded in table V. These data show 
that there was a wide variation in the time 
required for the pupation of the larvae, 
namely, 1 to 5 1/3 days. The average time 
required for the pupation of 34 larvae col- 
lected during the months of May and June 
was approximately 5114 hours, while that 
required for the pupation of 42 larvae col- 
lected during the months of April and 
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August was about 70 hours. The mature 
larvae collected during the month of July 
were used to obtain information on adult 
emergence and no records were kept of the 
time required for pupation. 

Thirty-three mature O. ovis larvae were 
collected for studying the emergence of 
sheep botflies during July 1933. The larvae 
were put out of doors on a table, the top of 
which was covered with about 3 in. of sand, 
Each grub was confined separately in the 
sand by screen-wire cones which were 
forced down over the grubs until the base 
of each cone rested on the table top. Only 
ten adults emerged from the 33 larvae thus 
confined. The time required for the emer- 
gence of adults varied from 28 to 43 days. 
The average time required for emergence 
of the ten flies was approximately 38 days. 
In nearly every cone the grubs had bur- 
rowed to the full depth of the sand before 
pupating. 

During the summer and early fall of 
1934, 129 mature larvae were collected for 
additional studies on the emergence of 
sheep botflies. The mature grubs were put 
into out-door screened coops and were al- 
lowed to burrow into soil which covered the 
coop floors to a depth of about 12 in. The 
space above the soil in each coop was ap- 
proximately one cubic foot. A total of 53 
botflies emerged in the coops during the pe- 
riod from July 14 to October 31, 1934. No 
flies emerged after the latter date. The 
number of flies that emerged in proportion 
to the number of mature grubs that were 
in the coops decreased as the summer sea- 
son advanced. Flies emerged from ap- 
proximately 87 per cent of the grubs that 
were put into the coops prior to July 25. 
Only about 21 per cent fly emergence o- 
curred from the grubs that were put into 
the coops after that date. The time r 
quired for the emergence of flies increass 
as the season advanced. Those that emerg« 
during the warm days of June, July and t! 
first half of August required from 24 
30 days for emergence. The average tine 
required for emergence of 28 such flies w 
2714 days. The flies that emerged aft r 
mid-August required from 27 to 62 days ° 
emerge. The average time required for ‘ 5 
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flies was 35 days. The emergence 
ically ceased after mid-September. 
four adults emerged from September 
October 31. 
RVATIONS ON NEWLY EMERGED FLIES 
e ten flies that emerged from the ma- 
larvae collected during July 1933 lived 
ie close confinement of the upper por- 
of screen-wire cones from one to ten 
The average life of the ten flies thus 
ined was eight days. The flies that 
rged from the mature grubs that were 
put into soil in more spacious coops during 
the summer and early fall of 1934 lived 
from 6 hours to 15 days. Those that 
emerged during the warm days of June, 
July and the first half of August were very 
The average life of 28 such flies 
vas approximately 115 days. The flies that 
emerged during the increasingly colder 
weather after mid-August were correspond- 
ingly less active and lived for longer 
periods of time. The average life of 25 
such flies was about eight days. Those that 
emerged after mid-September remained in 
one location within the coops in an appar- 


active. 


ently dormant state until they died. 


FECUNDITY 


The ability of gravid female botflies to 
infect numerous host animals with the lar- 
vae of O. ovis was indicated by observa- 
tions made on flies that emerged in the 
coops at Las Vegas during 1934. Thirty- 
six such flies were collected soon after they 
died and were preserved in alcohol. The 
flies were later dissected under a micro- 

ype. Of this number, 18 were males and 

were females. The ova in each female 
were counted and recorded. The number 

' ova per female varied from 337 to 652. 

18 females had a total of 8,995 ova, 
an average of approximately 500 per fly. 


MMARY 


) In west Texas, where the winters are 
lerate, the larvae of Oestrus ovis con- 
ied to develop to maturity in the heads 
sheep and were expelled by the host ani- 
s the year around. In northeastern 
v Mexico, where the winters are cold, 
development of the larvae in the heads 


of sheep ceased during the fall and winter. 
The larval infestation in the heads of New 
Mexico sheep during such seasons consisted 
chiefly of first-stage larvae located in the 
nasal passages. These minute larvae re- 
mained quiescent on the nasal mucosa and 
did not migrate to the frontal sinuses of 
the host animals for further development 
until the following spring and summer. 
Thus, the perpetuation of O. ovis was as- 
sured in the area where the winters are 
too cold for the survival of the extra-host 
stages of its life cycle. 


2) Postmortem findings in Texas and 
New Mexico sheep showed that the first 
instar larvae of O. ovis normally inhabit 
only the nasal passages of the host animals. 
These minute grubs usually migrate to the 
posterior nasal structures, the ethmoid tur- 
binates, before changing to the second in- 
star. From this location the second-stage 
larvae migrate, via the naso-frontal fora- 
mina, to the frontal sinuses for further de- 
velopment to maturity. Upon reaching 
maturity, the full-grown grubs retrace their 
former route of migration and leave the 
host through the nostrils. 


3) Postmortem examinations of numer- 
ous New Mexico and Texas sheep showed 
that approximately 96 per cent of such ani- 
mals were infested with the larvae of 
O. ovis. The number of larvae in infested 
sheep varied from 1 to 75 per animal. The 
average year around infestation per animal 
was approximately 20 larvae in New 
Mexico sheep and 12 larvae in Texas sheep. 


4) The heaviest larval infestations oc- 
curred in the heads of sheep during or im- 
mediately following seasons of sheep botfly 
activity when recently deposited larvae 
were present in the nasal passages. The 
lightest infestations occurred, especially in 
New Mexico sheep, just prior to such sea- 
sons. During the season when the larger 
larvae, second and third stages, were pres- 
ent in the frontal sinuses of sheep, the num- 
ber of such larvae found therein varied 
from 1 to 25. The average number of 
grubs found in these cavities was approxi- 
mately five per animal. The heaviest in- 
festations of the frontal sinuses occurred 
chiefly in the heads of horned sheep. In 
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such sheep the frontal sinuses are usually 
more spacious than in hornless animals. 
5) Evidence was found to show that sheep 


botflies were active during all months of 


the year except January and February in 
west Texas. Such evidence of botfly activ- 
ity was observed in New Mexico only dur- 
ing the warm days of summer and early 
fall. 

6) Minute first instar larvae of O. ovis 
were readily transferred from’ gravid 
female botflies to the nasajl passages of ex- 
perimental sheep. All such larvae that were 
deposited in the nasal pre- 
viously uninfested lambs did not develop 
simultaneously. Some such larvae, under 
favorable conditions during the summer, 
completed the larval stages and left the 
host animals in 25 to 35 days. Others de- 
veloped less rapidly under the same condi- 
tions, taking longer to reach maturity and 
leave the hosts. Still other larvae of the 
same deposit remained undeveloped as first 
instar larvae in the nasal passages of the 
host animals for long periods of time. 
Some such larvae remained undeveloped in 
the nasal passages of New Mexico lambs 
for as long as nine months. Thus, one 
deposit of larvae resulted in a prolonged 
infestation of the head cavities of sheep. 
Likewise, larvae that were naturally de- 
posited in mature sheep under range condi- 
tions in Texas resulted in the continued 
larval infestation of the head cavities of 
such sheep for as long as eight months. 

7) Apparently when large numbers of 
O. ovis larvae are deposited in the nostrils 
of sheep at one time, only a small percent- 


passages of 


age of them survive to infest the head 
savities. Only a small percentage of the 
estimated total of artificially deposited 


larvae were expelled as mature grubs by 


sheep so infested or were recovered from 
their head cavities at necropsy. 

8) Newly deposited larvae that assumed 
early and rapid development in the heads of 
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sheep changed to the second instar in ty 
weeks and migrated to the frontal sinuses 
of the host animals. Such larvae 
changed to the third instar and grew rap- 
idly. Some reached maturity during their 
third week of existence in the heads of 
spring lambs. 

9) A wide variation occurred in the time 
required for the pupation of mature larvae 
that were observed at Las Vegas, N. Mex. 
Some completed pupation in approximately 
24 hours, while others required as much as 
5 1/3 days to pupate. The average time 
required for pupation of 34 mature grubs 
that were expelled by sheep during May 
and June was approximately 51% hours, 
while that required for 42 grubs expelled 
during April and August was about 70 
hours. 

10) During the warm days of summer, 
sheep botflies emerged from a large percent- 
age of mature larvae that were kept out of 
doors under favorable soil conditions at Las 
Vegas. The average time required for the 
flies to emerge under such conditions was 
271% days. Botflies that emerged during 
the warm days of summer were very active 
and consequently lived in captivity for an 
average time of only 11% days. As the 
season advanced and the outdoor tempera- 
tures became increasingly colder, the per- 
centage of fly emergence decreased and the 
time required for such emergence increased 
accordingly. Flies that emerged during the 
increasingly lower temperatures were cor- 
respondingly active and lived for 
longer periods of time. The emergence of 
botflies practically ceased after mid-Sep- 
tember at Las Vegas. 

11) Evidence was found to show that the 
average female sheep botfly may be capable 
of infesting many sheep with the larvae 
of O. ovis. The dissection of 18 such flies 
under a microscope showed that the aver- 
age female botfly carried approximately 
500 ova. 
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Failure of Natural Vibrio Fetus Infection to Carry over in Ewes 


* 


J. F. RYFF. D.V.M. 
East Lansing, Mich. 


ViBRIO FETUS INFECTION in a flock of 79 
sheep was demonstrated as being responsi- 
ble for a of abortions and weak 
lambs in the early part of the 1940 lambing 
season. Thirty-seven lambs, from 28 ewes, 
were lost. V. fetus was isolated from four 
aborted lambs, and when an agglutination 
test, with the isolated V. fetus as antigen, 


series 


Journal article No. 541, n.s.. Michigan Agricul- 


il Experiment Station. 


was applied on May 5, 37 of the 79 sheep 
showed a positive reaction in 1:25 or over.! 

At the time, no assurance that the dif- 
ficulty would not recur the following spring 
could be given, except for Baker and 
Stone’s report? that such was not the case 
Vibrionic abortion in Michigan sheep 
(Nov. 1940), pp. 452-453. 

“Baker, D. W., and Stone, W. S.: A study of 
Spirillum ovis infection in a group of ewes main- 


tained under observation for two successive lambing 
Cornell Vet., xxix (1939), pp. 32-34. 


IRyff, J. F.: 
J.A.V.M.A., xcevii 


seasons. 


TABLE I—Lambing Record of the Flock for 1940 and 1941, and Results of the Agglutination Test 
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in eight infected ewes, held for a year, 
which lambed normally. 

With the 1941 lambing record now avail- 
able, 70 ewes produced 86 viable lambs and 
lost only four as contrasted with 75 viable 
lambs and 37 lost for the 1940 flock of 77 
ewes. Only two lambs showed symptoms 
resembling those observed the year before: 
ewes 27 and 55 (table I) both lost one of 
two lambs a few days after they were born. 
No record was available for five of the 1941 
ewes and for three of the 1940 flock. No 
lambs were dropped by three ewes in 1941; 
only one of these was troubled by a condi- 
tion attributable to V. fetus infection the 
year before. Nine ewes were disposed of, 
however, and seven of these had a bad 
1940 lambing record. Six ewes, in contact 
with the flock in 1940, lambed for the first 
time and produced ten lambs. One of the 
lambs died, but this was attributed to the 
normal loss that usually occurs rather than 
to Vibrio infection. 

The ewes were pastured on practically 
the same ground as that on which they 
have been for the past two years and were 
wintered in the same quarters as before. 
The water source was identical and the 
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feed, produced on the same farm as before, 
was approximately the same. 

At the time of the 1940 outbreak, abor- 
tions had occurred on a neighboring farm 
and this was believed to be the source of 
the trouble, for no new stock had been 
introduced. This year (1941) no such 
trouble was heard of in the neighborhood. 

The 1940 and 1941 lambing records of 
the flock together with the results of the 
agglutination test obtained May 5, 1940, 
are appended. It was not possible to hold 
an autopsy on or culture the few 1941 
lambs lost, or to repeat the agglutination 
test. 


SUMMARY 

Extensive Vibrio fetus infection in a 
Michigan flock of 79 sheep—as indicated 
by recovery of the organism from four 
aborted lambs, a_ positive agglutination 
test in 1:25 dilution in 37 sheep, and the 
loss of 37 lambs from 28 ewes due to abor- 
tions, stillbirths, or weakness—-was_ not 
carried over to the following lambing sea- 
son. Ninety-six viable lambs were secured 
and only five were lost from 80 ewes in 
1941, although the animals were kept on 
the same ground and received feed and 
water from the same source as before. 
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